
Colder Associates _^nCONSULTING QEOTECHNICAL AND MINING ENGINEERS \ j> f ^ / t—

December 19, 1986 Our ref: 863-2041

Manvi l l e Service Corporation12999 Deer Creek Canyon Road
Mall Stop 3-25Uttleton, Colorado 80127

ATTENTION: Mr. Marvin Clumpus, P .E . , Senior Engineer

RE: UPDATED UPFREEZING COVER THICKNESS ANALYSIS -- USING McGAW (EPA)THERMAL (LAMBDA, N, K VALUES) — ESTIMATES FOR THE WAUKEGAN,
ILLINOIS PLANT WASTE DISPOSAL AREA

Dear Mr. Clumpus:
Attached for your review and considerat ion are updated UPFREEZ5estimates for those areas of the site which have a potential forasbestos particle upfreezing through the proposed cover.
Calcu lat ions include values of strain (S) and heave fraction notrecovered on thawing (F) ranging from S=10%, F=0.1 , expected typicalcondit ions, to S=30%, F *0 .3 , expected extreme condit ions; also includedare values for conditions beyond expected extremes, to S*50%, F *0 .5 .Cover thicknesses from 1.0 ft to 2.5 ft are analyzed.
Thermal Input parameters have been updated to be consistent with valuesused by Mr. Richard McGaw in his letter report to Mr. Brad Bradley,dated December 5, 1986.
The focus of results are the R100 estimates. These are the estimatedreliabil ity (probabil ity) that the cover upfreezing capacity is orexceeds 100 years.
Updated Thermal Input Parameters
Updated estimates use values for LAMBDA (A* n ) and N-FACTOR ( n . )Identical to those used by EPA's upfreezing consultant, Mr. RichardMcGaw, in his letter report to Mr. Brad Bradley, dated December 5, 1986.Mr McGaw used the following values 1n his calculations, resulting 1n arecommended 26 inches of required cover:

LAMBDA = 0.7 * n s (« 0 .85) - 0.60
N-FACTOR » nt * 0 .65
LAMBDA*SQR[N-FACTOR] - 0.60 * 0.81 = 0.48
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December 19, 1986______________I____________________863-2041

Identical values (with a zero standard deviation (SD) , the same asMcGaw's calculations) are used 1n the attached UPFREEZ5 output. Note ouroriginal values for these parameters (UPFREEZ5 output transmitted to youOctober 27 and November 6, 1986) were about 46% more conservative(higher frost penetration) than McGaw's numbers.
Also, our original average thermal conductivity (Kf) parameters wereabout 15% to 40% more conservative (higher frost penetration) than Mr.McGaw's December 5, 1986 values (as he used in his modified Berggrenequation calculat ions). Therefore, I have set the plus-one standarddeviation error on K to zero. This will reduce some (but not a l l ) of therelative conservatism in K values. To reduce Kf to Mr. McGaw's K valueswould give Kf too low a value to be consistent with Kersten'scorrelations, the candidate cover soil, and freezing conditions.
All other thermal and upfreezing Input conditions and assumptions areidentical to the UPFREEZ5 output transmitted to you on October 27 andNovember 6, 1986. However, R50 has been replaced by R1004 as explainednext.
R100 (100-Year Reliabi l ity) Estimates
Based on the discuss ion of "permanence" during the USEPA/IEPA/Manv i l l emeeting of December 16, 1986, I have modified UPFREEZ5 to calculate anddisplay R100 instead of R50. This updated version of UPFREEZ5 is calledUPFREEZ5Y. All other calculation procedures and assumptions areunchanged from UPFREEZ5X.
R100 is the estimated probability (reliabil ity) that:

Upfreezing of "critically sized" (I .e . , X - A £ 0.3 ft) asbestosparticles initially at the worst-case location (top of waste pil«or bottom of cover) will take 100 years or longer.
R100 is the complement of the estimated 100-year failure probability,F100, that 1s:

R100 - 100 - F100 [with R100 and FIDO 1n %]
FIDO 1s the estimated probability that upfreezing of "critically s ized"asbestos particles Initially at the worst-case location will take lessthan 100 years.
We are more interested in obtaining success (rel iabil ity) than failure;;therefore, R100 1s a more appropriate parameter to display than F100.
However, since (with certainty) FIDO equals 100% minus R100, estimatedfailure probabi l i t ies are very easily and obviously obtained from R100,
Al1 updated estimates make the assumptions shown on the programUPFREEZ5Y computer output. Variables, symbols and their relation toobject upfreezing are defined, as before, using the upfreezing equation
(Eq. 1) in Table 1.
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Updated estimates shown on the attached UPFREEZ5Y output indicate thefollowing for cover thicknesses up 2.2 ft (26 inches).
o For what we expect to be typical site conditions, moderate-heaving, moderate-stability cover (S=10%, F*0.1 ) provides an R100(100-year reliabil ity) of 100% for all cover thicknesses exceeding

0.3 ft .
o For extreme site condit ions, representing the expected worst-case,resulting in high-heaving and poor-stability (S=30%, F*0.3) cover,R100 estimates are:

98.9% for 1.5 ft of cover99.4% for 1.6 ft of cover99.8% for 1.7 ft of cover99.9% for 1.8 ft of cover99.96% for 1.9 ft of cover99.99% for 2.0 ft of cover
99.995+% for 2.1 ft of cover99.995+% for 2.2 ft of cover

The 2.0 ft cover gives an increase in R100 of 1 . 10% over the 1.5ft cover, for this worst case situation.
o R100 increases with very high-heaving soi l , S > 30%. Worst-case ormost-conservative S (strain) is about 20% to 30%. That is, forgiven F, beyond an S of about 30% upfreezing time increases; suchvery high strains are less conservative than S = 30%. Argumentsthat S should be higher than 30% are, therefore, irrelevant.
o Sensit ivity of R100 (100-year rel iabi l ity) to S and F valuesbeyond expected extremes (up to worst physically possible heavestrain, S»100%) shows:

- For a 1.5 ft cover R100 exceeds 96% for allS < 100% and F <_ 0.5 and exceeds 98.8% for all

- For a 1.7 ft cover R100 exceeds 98% for allS < 100% and F < 0.5 and exceeds 99.7% for allF _ < 0 . 3 . .
- For a 1.8 ft cover R100 exceeds 99% for all

S < 100% and F < 0.5 and equals or exceeds 99.9% for allF < 0 .3 .
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Please call 1f you need any clarification, elaboration or furtherdiscussion.
Sincerely,
GOLDER ASSOCIATES

Charles L. Vita , P.E.Senior Project Manager
CLV/1 1 1 / 15 1
Attachment (UPFREEZ5Y output)
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Table 1Upfreezlng Equation (Eg. 1) and UPFREEZ5 Output
U » ( X - A - T ) * S * F * C

U * unfreezing distance of buried object. In program UPFREEZ5 U is the cover increment(0 . 1 ft) for DELTA and H1«TCT for UP.YRS for total cover thickness TCT.
X * Projected length of buried object.
Note all projected lengths are perpendicular to the freezing front--i .e . , vertical forflat ground and for sloping ground incl ined from vertical toward horizontal by theslope angle of the ground.
A * Projected length of buried object required for adfreeze to overcome anchorage beforeuplifting can occur.
T » Projected length of buried object below maximum depth of freezing front. T is afunction of object depth below top of cover. T and C are functionally related.
Note (X - A - T) is the effective portion of the object over which frost heaving can causeupfreezing. (X - A) is cal led EPS.UF in program UPFEEZE5.
S » Average heave strain over the distance (X - A - T).
F a Heave fraction not recovered on thawing.
C * Effective number of complete freeze thaw cycles over the distance (X - A - T). C ismodeled as a random variable to reflect the uncertainty in future yearly thermalloads (freeze indexes, FI) and thermal capacity of the waste pile and cover soil (tomaintain frost out of the waste pile or maximize T). Thermal loads are modeled us inga lognormal distribution based on a conservative interpretation of 1949-85 WaukeganFI estimates. Thermal capacity (TC) is modeled using the modified Berggren equation- and thermal geotechnical assumptions, as stated on the program UPFREEZ5 output. InUPFREEZ5 C, is estimated as FP (probability of having frost to the depth HI in anyyear) and FPY (return period for a frost table at HI) . Results are displayed asaverages (AVG) ^a coefficient of variation (CV%).
Program UPFREEZ5: 1. Searches for (X - A - T)*C which maximizes U for given S and F,subject to (X-A) <EPS^UF. Maximum (X-A) is displayed as H3M. 2. Calculates average yearsto upfreeze through an Increment (set »0.1 ft) of cover, DELTA, estimated as [0 . 1/ (X-A-T)*C*F*S]. 3. Calculates average years to upfreeze the object, UP.YRS, as the sum ofDELTA for HI from 0.1 to the total cover thickness, TCT. A minus one standard deviationestimate, LBOND, an absolute lower bound, ABD, and the estimated reliabil ity (probabi l i ty)that upfreezing through the cover will take 100 years or more, R100, are also calculatedand displayed.
A more refined estimate for years of protection against upfreezing for a cover ofthickness TCT is UP.YRS for H1»TCT using cover thermal properties plus the difference inDELTA for H1«TCT between UP.YRS for the cover thermal properties in H3 and UP.YRS forwaste pile properties in H3.
All estimates are conditional on S and F, and EPS.UF.



' X X X * * X X X X X X X X X * * X * * * X X X X X * X X K X PROGRAM UPFREE25Y X X X X X X X X X X X X X X X X X X X X X X X X X X X X
SAVED UNDER FILE NAME: UPF1-5Y DATE: 12- 18- 1986

TIME: 1 5 : 55 :58
PROBABIL ISTIC GEOTECHNICAL THERMAL ANALYSIS

1-LAYER FINE-GRAINED COVER SYSTEM
MODIF IED BERGGREN EQUATION WITH KERSTEN K'S

PROPERTIES OF COVER
COVER LAYER DRY DENSITY=188 PCF, NATER CONTENT =20.3X <88X SAT) 188X S=25.4X
AVERAGE HEAVE STRAIN = 10X TO 50X
FRACTION OF HEAVE NOT RECOVERED ON THAWING <R> = 8 . 1 0 TO 0 . 5 0
LAMBDA*SQRCN-FACTOR]: AVG=0.48; SD=0 .00
(COVER AND WASTE PILE USE THE SAME VALUES)

PROPERTIES OF WASTE PILE
FINE-GRAINED SOIL
UNFROZEN DRY DENSITY - 1 8 0 . C P C F ] , WATER CONTENT = 20X <88X SAT) 188X S=25.4X
AVERAGE HEAVE STRAIN = 10X TO 50X
FRACTION OF HEAVE NOT RECOVERED ON THAWING <R> - 0 . 1 0 TO 0 . 5 0

THERMAL LOAD INFORMATION
FREEZE INDEX <F I ) FOR WAUKEKGAN ASSUMED LOGNORMAL WITH MEAN & STANDARD DEVIATION
FROM HISTORICAL DATA 1949-58 TO 1984-85 EXCEPT 1982-83 (TOTAL = 35 YEARS)
LOGNORMAL FREEZE INDEX (THERMAL LOAD) : MEAN=843, MEDIAN=800, SD=328, CV=8 .378,

SDCLN F I 3 = 8 . 3 6 5 , SKEWNESS=1 .277 HOWEVER:
CONSERVATIVE LOGNORMAL ENVELOPE USED FOR FREEZE INDEX: MEDIAN = 875, MEAN = 935

SDCLN F I3 =8 .365
ALL YEARS HAVE H ISTORICAL FI FREQUENCY <= FORCASTED (PREDICTED) PROBABIL IT IES

M983-84 C F I = 1 2 0 0 3 L IES ON THE ENVELOPE ALL OTHER YEARS ARE BELOW)

OBJECT UPFREEZING INFORMATION—EQUATION: U = ( X - A - T ) X S X R X C
UPFREEZING ASSUMPTIONS:
EFFECTIVE PARTICLE S IZE (X - A) IS EPS.UF = 0 . 3 8 FT
AVERAGE HEAVE STRAIN (S) = 18 X TO 58 X
FRACTION OF HEAVE NOT RECOVERED ON THAWING (f?) = 8 . 1 8 TO 8 .58
EFFECTIVE NUMBER OF COMPLETE FREEZE THAW CYCLES (C) = NUMBER OF FREEZE SEASONS

(YEARS) X P .H3
XNOTE: BOTH C AND P .H3 ARE DEPTH DEPENDENT



S=10X F =8 . 10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREE25Y — 12- 18- 1986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X *XX *X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS * * XXXX
OBJECTS HAVE <X - A) = 8 . 3 8 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX <F I > : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN= .365
HI

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT CFT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS. = 180 PCF, WATER CONT.= 20 . 3Y. ( 30X SAT) KU =8 .8 1
FROZEN DRY DENS. = 99 PCF, WATER CONT.=
OBJECT LENGTH FOR MAX UPFREEZE, STARTING
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS.= 100 PCF, WATER CONT.=
FROZEN DRY DENS. = 98 PCF WATER CONT.=

29.77. C/L=
IN:

• . 0 8 8 5 L=3658 KF = 1 . 1 5

28.37. (88V. SAT)
29.7V. C/L= .88S5 L=3658

KU=8 .8 1
KF=1 . 15

95% OF MAX LBOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 18V. ,
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 1 8 ,
LAMBDAXSQRCN-FACTOR3 = .48 (AVG) .08 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 8X - 257. ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 8 . 8 8
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING <X-A) < 8 . 3 0 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE <+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND < L B ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 8 8 = EST'ED RELIABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 188 YEARS

NW
FT F-DEGXDAYS PROB .
HI TCAVG&cCVX FPAVG&CVX
1 . 8
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 .7
1 . 8
1 . 9
2 . 8
2. 1
2 .2
2 . 3
2 .4
2 .5

488
493
587
689
799
917

1844
1 178
1321
1472
1638
1798
1973
2156
2348
2548

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.976
.93 1
.85 1
.737
.68 1
.463
.337
.233
. 154
.897
.859
.835
.820
. 0 1 1
.006
. 0 8 3

1 . 9
4 . 9
9 . 9

W.7
24 .6
32 .9
4 1 . 2
49 .8
56. 1
62 .3
6 7 . 8
7 2 . 4
7 6 . 4
79 .8
82 .6
85 .8

COVER THERM*:
_ _ _- VE

FPY
1
1
1
1
2
2
4
6
9

17
31
68

1 1 9
244
512

1893

UP.YRS
358
483
472
572
721
952

1330
1986
3 183
5457
9936

18882
37055
74850

155099
328434

*L PRC:ARS -cvv.
0 . 2
0 . 6
1 . 7
3 .8
7 . 5

12 .8
2 8 . 8
28 .7
38 .8
4 7 . 3
55 .7
62 .9
68 .9
73 .8
77.9
8 1 . 3

5PERTIES Ih
LBOND

349
408
464
550
668
838

1063
14 17
1972
2877
4403
7009

1 1535
19592
34265
61522

ABD
333
367
488
433
467
588
533
567
688
633
667
788
733
767
808
833

J H3 (Rl
PROB.X.
R 1 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 8 0 . 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 0 8 . 8 8
1 8 8 . 8 8
1 8 8 . 0 8
1 8 0 . 0 0
1 0 0 . 0 0
1 0 0 . 0 0

.3= 1 )
YEARS
DELTA

47
59
81

1 19
179
282
474
839

1554
2995
5964

1 1 9 2 7
24428
5 1 1 7 1

109325
237345

WST 'P I L E
FT YEARS
H3M
.3
.3
.3
.3
.2
.2
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1

DELTA
46
59
8tf

1 1 3
178
281
472
834

1545
2977
5927

1 1 9 8 9
24380
5 18S3

189 145
236955



S=187. F=8.28

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 12 - 18 - 1936
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

• X * X X X X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE <X - A) - 8 . 3 8 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I > : LOGNORMAL W/ MEDIAN = 875 MEAN » 935 SD.LN= .365
HI

H3M
H3

1 . 15
DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS. = 188 PCF, WATER CONT.= 28 .3X (88X SAT) KU =8 .8 1
FROZEN DRY DENS. - 98 PCF, WATER CONT.= 29.7Y. C/L= .8885 L=3658 KF
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS . = 188 PCF, WATER CONT. 28.37. (88X SAT)
FROZEN DRY DENS. = 98 PCF WATER CONT.= 29.7V. C/L= .0085 L=3658

Ku=e . s i
KF - l . 1 5

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 18X, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 8 . 2 8 ,
LAMBDA*SQRCN-FACTOR] - .48 <AVG) .88 <SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + 8X - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 =8 .88
FRY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS - ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 8 . 3 6 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE ( + OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND - 1 STANDARD DEVIATION LOWER BOUND < L B ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 8 8 = EST'ED RELIABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 188 YEARS

F*^ F-DEGXDAYS PROB .
HI
1 . 8
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 . 7
1 .8
1 . 9
2 . 8
2. 1
2 .2
2 . 3
2 . 4
2 .5

TCAVG&CVX FPAVGicCVX
488
493
537
689
799
9 1 7

1844
1 1 7 8
132 1
1472
1638
1798
1973
2156
2348
2548

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.976
.931
.85 1
.737
. 6 0 1
.463
.337
.233
. 154
.097
.059
.835
.828
. 8 1 1
. 886
. 8 8 3

1 . 9
4 .9
9 .9

1 6 . 7
2*. 6
32 .9
4 1 . 2
49 .8
56. 1
62 .3
6 7 . 8
72 .4
76 .4
79 .8
82 .6
85 .8

COVER THERM*
_ — __ VI

FPY
1
1
1
1
2
2
4
6
9

17
31
68

1 1 9
244
5 12

1893

UP.YRS
175
28 1
236
286
361
476
665
993

1591
2729
4968
9441

18527
37425
77549

1642 17

*L PRC
[ARS -
CVX

8 . 2
8 . 6
1 . 7
3 .8
7 . 5

1 2 . 3
2 8 . 8
2 8 . 7
38 .8
47 .3
55 .7
62 .9
68 .9
73 .8
77 .9
8 1 . 3

DPERTIES Ih
LBOND

175
288
232
275
334
4 1 5
532
788
986

1439
2282
3585
5768
9796

1 7 1 3 2
38761

ABD
167
183
288
2 17
233
258
267
283
388
3 17
333
358
367
383
488
4 17

4 H3 (Rl
PROB.X
R 1 8 0
1 8 0 . 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 6 8 . 8 8
1 8 8 . 8 8
1 8 0 . 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 8 8 . 8 8
1 8 8 . 0 8
1 0 0 . 0 0
1 0 0 . 0 0
1 8 8 . 0 0

.3=1 )
YEARS
DELTA

23
29
40
60
89

1 4 1
237
419
777

1497
2982
5964

122 18
25586
54663

1 18673

WST'P ILE
FT YEARS
H3M
.3
.3
.3
.3
.2
.2
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1

DELTA
23
29
40
59
89

1 4 1
236
4 1 7
773

1488
2963
5954

1 2 190
25544
54573

1 18477



F=0 .38

THERMAL AND UPFREE2ING ANALYSIS ESTIMATES -- PROGRAM UPFREEZ5Y — 12 - 18 - 1986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREE2E OBJECTS THRU COVER — PRELIMINARY RESULTS X X X X X X
OBJECTS HAVE <X - A> « 9 . 3 8 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX <F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN= .365
HI

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.= 100 PCF, WATER CONT.= 20 . 3X (88X SAT)
FROZEN DRY DENS. = 90 PCF, WATER CONT.= 29 .7 '/ . C/L= .0085
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS.= 100 PCF, WATER CONT.= 20.3/i (38.X SAT)
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29. ?'/. C/L= .0085

KU=0.81
L=3653 KF - 1 . 1 5

L=365S
KU=0.81
KF = 1 . 1 5

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 18.-'., 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 3 0 ,
LAMBDA*SQRCN-FACTOR] = .48 (AVG) .00 <SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + 8X - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 0 . 0 0
FRY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 0 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE (+ OR - CVX> OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 100 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 108 YEARS

F . F-DEGXDAYS
H1 TCAVG^CVX
1 .0 488 14
1 . 1 493 14
1 .2 587 14
1.3 689 14
1 .4 799 14
1 .5 9 17 14
1 .6 1044 14
1 .7 1 178 14
1 .8 132 1 14
1 .9 1472 14
2.0 1630 14
2. 1 1798 14
2.2 1973 14
2.3 2156 14
2.4 2348 14
2.5 2548 14

PROB.
FPAVGkCVX
976
931
851
737
60 1
463
337
233
154
097
059
035
020
0 1 1
806
003

1 . 9
4 . 9
9 . 9

16 .7
2 4 . 6
32 .9
4 1 . 2
49 .0
56. 1
62 .3
67 .3
72 .4
76 .4
79 .8
82 .6
85 .0

COVER THERM*
_ — — _ ve

FPY
1
1
1
1
2
2
4
6
9

17
31
60

1 1 9
244
5 12

1093

UP.YRS
1 17
134
157
191
240
317
443
662

106 1
18 19
3312
6294

12352
24950
5 1700

109478

*L PRC:ARS -cvx
0 . 2
8 . 6
1 . 7
3 .8
7 . 5

12 .8
2 0 . 0
28 .7
3 8 . 0
4 7 . 3
55 .7
62.9
68 .9
73 .8
7 7 . 9
8 1 . 3

3PERTIES Ih
LBOND

1 1 6
133
155
183
223
277
354
472
657
959

1468
2336
3845
6531

1 1 4 2 2
20507

ABD
1 1 1
122
133
144
156
167
178
189
200
2 1 1
222
233
244
256
267
278

J H3 <R1
PRQB.X
R 100
100
180
1 80
100
100
1 00
100
100
108
180
100
100
188
188
188
188

.88
. 8 8
. 8 8
. 88
. 8 8
. 00
. 0 8
.00
. 0 0
. 8 8
. 0 0
.00
.00
.08
. 00
.00

.3=1 )
YEARS
DELTA

16
28
27
48
68
94

158
288
5 1 8
998

1988
3976
8 148

17857
36442
79 1 15

WST'P ILE
FT YEARS
H3M
.3
.3
.3
.3
.2
.2
.2
.2
.2
. 2
.2
. 1
. 1
. 1
. 1
. 1

DELTA
15
28
27
39
59
94

157
278
5 15
992

1976
3978
8 127

17829
36382
78985



S=10X F=0 .40

THERMAL AND UPFREE2ING ANALYSIS ESTIMATES — PROGRAM UPFREE25Y ~ 12- 18- 1936
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X X X X X X
OBJECTS HAVE' <x - A> = 0 . 30 FT (EFFECTIVE PARTICLE S IZE , EPS.UF> STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN * 935 SD.LN= .365
HI

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.= 100 PCF, WATER CONT.= 28 .3X (80X SAT)
FROZEN DRY DENS. = 98 PCF, WATER CONT.= 29.77. C/L= .8885
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS.= 188 PCF, WATER CONT.= 20 .37 . (80X SAT)

L=3658

FROZEN DRY DENS. 98 PCF WATER CONT.= 29 .7X C/L= .0885 L=3658

KU=8 .8 1
KF = 1 . 1 5

KU=0 .3 1
KF= 1 . 15

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 18X,
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 8 . 4 8 ,
LAMBDA*SQR[N-FACTOR] = .48 (AVG) .88 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND
CORRELATION COEFFICIENT BETWEEN K l . F AND K 3 . F , R 1 . 3 = 8 . 8 0

95X OF MAX L

8X - 257. ERROR IN KF 'S

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING <X-A) < 8 . 3 8 FT

FOR H1=TCT: UP .YRS I S AN ESTIMATE ( + OR - CVX> OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND <LB) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 0 0 = EST- 'ED RELIABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 168 YEARS

F i F-DEG*DAYS
H1 TCAVG&CVX
1 .8 403 14
1 . 1 493 14
1 .2 587 14
1.3 689 14
1 .4 799 14
1 .5 9 17 14
1 .6 1044 14
1 .7 1 1 7 8 14
1 .8 132 1 14
1 .9 1472 14
2.0 1630 14
2 . 1 1798 14
2.2 1973 14
2.3 2156 14
2.4 2348 14
2.5 2548 14

; PROB .
FPAVG&CVX
976
931
851
737
68 1
463
337
233
154
897
859
035
020
0 1 1
006
003

1 . 9
4 . 9
9 .9

16.7
24 .6
32 .9
4 1 . 2
4 9 . 0
56. 1
62 .3
67 .8
7 2 . 4
76 .4
79 .8
82 .6
85 .8

COVER THERM*
_ _ _ _ VE

FPY
1
1
1
1
2
2
4
6
9

17
3 1
68

1 19
244
5 12

1893

UP.YRS
87

1 8 1
1 18
143
188
238
332
497
796

1364
2484
4728
9264

187 13
38775
82108

>L PRC:ARS -cvx0 . 2
0 . 6
1 . 7
3 .8
7 . 5

1 2 . 8
2 8 . 8
2 8 . 7
38 .8
47 .3
55 .7
62 .9
68 .9
73 .8
7 7 . 9
8 1 . 3

)PERTIES If*
LBOND

87
1 88
1 1 6
138
167
287
266
354
493
7 19

1 1 8 1
1752
2884
4893
8566

15380

ABD
83
92

100
188
1 1 7
125
133
142
158
158
167
175
183
192
280
208

\ H3 (R l ,
PROB. 7.
R 1 8 0

8 ,
84

1 0 8 ,
100
1 8 8 ,
1 00
1 8 8 ,
1 8 8 ,
1 8 8 ,
1 8 8 ,
1 8 8 ,
1 0 8 ,
1 0 0 ,
1 0 0 ,
1 0 0 ,
1 0 0 ,

.08

.27

. 0 8

. 88

. 8 8

. 8 8

.88

. 8 8

. 8 8

.88

. 0 0

. 0 0

.00

. 00

. 00

. 80

.3=1)
YEARS
DELTA

12
15
28
38
45
71

1 1 8
2 1 8
389
749

1 4 9 1
2982
6 105

12793
27331
59336

WST- 'P ILE
FT YEARS
H3M
.3
.3
.3
.3
.2
.2
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1

DELTA
12
15
26
38
45
78

1 1 8
289
386
744

1482
2977
6095

12772
27236
59239



S=18X F=8 .50

THERMAL AND UPFREEZING ANALYSIS ESTIMATES ~ PROGRAM UPFREE25Y ~ 12-18-1936
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER ~ PRELIMINARY RESULTS X X X X X X
OBJECTS HAVE (X - A) - 8 . 3 8 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX ( F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN= .365
HI

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS. = 188 PCF, WATER CONT.= 28 .3X (88X SAT) KU =8 .8 1
FROZEN DRY DENS. = 98 PCF, WATER CONT.= 29 ,

IN;
C/L= .8885 L=3653 KF = 1 . 1 5

OBJECT LENGTH FOR MAX UPFREEZE, STARTING
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS . = 188 PCF, WATER CONT.= 28 .3X <88X SAT)
FROZEN DRY DENS. = 90 PCF WATER CONT.= 29 .7X C/L= .0085 L=3653

KU=8 .8 1
KF = 1 . 1 5

95X OF MAX LBOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 18X ,
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 5 0 ,
LAMBDAXSQRtN-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + 8X - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 8 . 0 8
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT U P . Y R S FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 6 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 0 0 = EST 'ED RELIABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 138 YEARS

V F-DEGXDAYS
H1 TCAVG&CVX
1 .0 488 14 .
1 . 1 493 14 .
1 .2 587 14 .
1 .3 689 14 .
1 .4 799 14 .
1 .5 917 14 .
1 .6 1844 14 .
1 .7 1 1 7 8 14 .
1 .8 1321 14 .
1 .9 1472 14 .
2.8 1638 14 .
2. 1 1798 14 .
2.2 1973 14 .
2.3 2156 14 .
2.4 2348 14 .
2.5 2543 14 .

PROB.
FPAVGkCVX
976
931
851
737
681
463
337
233
154
897
859
835
820
0 1 1
0 8 6
883

1 . 9
4 . 9
9 . 9

1 6 . 7
24 .6
32 .9
4 1 . 2
4 9 . 8
56. 1
62 .3
67 .8
72 .4
7 6 . 4
7 9 . 8
82 .6
85 .8

COVER THERM*
___ vc

FPY
1
1
1
1
2
2
4
6
9

17
31
68

1 1 9
244
5 12

1893

UP.YRS
78
81
94

1 1 4
144
198
266
397
637

189 1
1987
3776
7 4 1 1

14978
3 1828
65687

>L PRC:ARS -cvx
8 . 2
8 . 6
1 . 7
3 .8
7 .5

1 2 . 8
2 8 . 8
28 .7
38 .8
47 .3
55 .7
62 .9
68 .9
73 .8
7 7 . 9
8 1 . 3

JPERTIES Ih
LBOND

78
88
93

1 1 8
134
166
213
283
394
575
881

1482
2307
3918
6853

12384

ABD
67
73
88
87
93

1 0 8
187
1 1 3
120
127
133
148
147
153
168
167

\ H3 (R 1 .3 = 1 )
PROB .X YEARS
R 1 8 8

8
8
8

99
100
1 08
180
1 00
188
1 08
108
188
188
188
188
188

. 8 0
. 0 0
. 0 3
.95
. 00
. 8 8
. 8 8
. 8 8
. 0 8
. 8 0
. 8 8
.88
.88
. 8 8
.88
.88

DELTA
9

12
16
24
36
56
95

168
3 1 1
599

1 1 9 3
2385
4884

18234
21865
47469

WST' P ILE
FT YEARS
H3M
.3
.3
.3
. 3
.2
.2
.2
.2
.2
. 2
.2
. 1
. 1
. 1
. 1
. 1

DELTA
9

12
16
24
36
56
94

167
389
595

1 1 8 5
2382
4876

1 8 2 1 3
2 1 8 2 9
47391



S=20% F =0 . 10

THERMAL AND UPFREE2ING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 12 - 18 - 1936
MANVILLE NAUKEGAN, ILL PLANT NASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X X X X X X
OBJECTS HAVE (X - A) * 0 . 3 8 FT (EFFECTIVE PARTICLE S IZE , EPS .UF) STARTING AT
TOP OF NASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX (F I ) : LOGNORMAL N/ MEDIAN = 875 MEAN = 935 SD .LN = .365
HI

H3M
H3

37. 77. C/L = .8876 L =4124 K F = 1 . 1 3
DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT ] -- F INE-GRAINED SOIL
UNFROZEN DRY DENS. = 106 PCF , WATER CONT.= 20.3% (88% SAT) KU=8 .8 1
FROZEN DRY DENS. = 80 PCF , NATER CONT.
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
NASTE P ILE OF SOIL—HAVING:
UNFROZEN DRY DENS. = 100 PCF, NATER CONT.= 20 .3% (88% SAT)
FROZEN DRY DENS. = 80 PCF NATER CONT.= 37.7% C/L= .0076 L=4124

KLN8 .3 1
K F = 1 . 1 3

BOTH COVER AND NASTE PILE USE HEAVE STRAIN, S = 20%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THANING, F = 0 . 1 0 ,
LAMBDA*SGRCN-FACTOR3 = .48 <AVG) .00 <SD)

ESTIMATES USE MOD. BERGGREN EQU. N/ KERSTEN KF 'S AND + 0% - 25% ERROR IN KF ' S
CORRELATION COEFFICIENT BETNEEN K l . F AND K3 .F , R 1 . 3 =0 .00
FPY - AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI ( FOR HI PROPS IN H3> BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S NHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 0 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE ( + OR - CV%) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LONER BOUND ( LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 0 0 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 138 YEARS

FT
H
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
6
2
0

F-DEG*DAYS PROS.
1 TCAVGkCVX FPAVG&CV%
.8
. 1
.2
.3
.4
.5
.6
.7
.8
.9
.8
. 1
.2
.3
.4
.5

533
645
767
988

1844
1 199
1364
1548
1726
1923
2 13 1
2358
2579
2818
3869
3338

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

. 9 8 1
.789
.648
.482
.336
.228
. 135
.879
.844
.824
. 8 1 2
. 8 8 6
. 8 8 3
. 8 8 1
. 8 8 1
. 8 8 8

6.
13 .
22.
3J.
4 1 .
58 .
58.
64.
78 .
75.
79.
82.
85.
87.
89.
9 1 .

8
6
3
8
3
1
8
8
5
4
4
6
4
6
5
8

COVER THERM*
_ N/I

FPY
1
1
2
2
4
6
1 1
22
45
98

221
5 15

1229
2991
7402

UP.YRS
196
244
318
433
653

1866
1884
3561
7 146

15 136
33545
77133

182625
442468

189 1392

*L P:ARS'R(
cv%i.
3.
6 .

12 .
2 1 .
3 1 .
4 1 .
5 1 .
68 .
67.
73.
78.
8 1 .
84.
87.

1
8
7
6
8
1
6
5
1
4
3
8
8
8
3

DPERTIES 11^
LBOND

194
237
296
333
516
734

1 1 8 8
1727
2849
4936
8953

16946
332 18
67886

ABD
167
183
280
2 1 7
233
250
267
283
388
3 1 7
333
358
367
383

i H3 (Rl .
PROB.%
R 1 8 8
188
1 88
1 88
188
108
188
188
1 8 8
188
188
188
188
1 8 8
188

. 8 8
. 88
. 00
. 0 0
. 08
. 0 8
.08
. 0 8
. 8 8
. 8 8
. 8 8
.88
.80
.80

X. 138865 488 1 8 8 . 8 8

3=1)
YEARS
DELTA

39
53
98

152
278
546

189 1
2262
4989

1 1 8 7 8
25749
61427

149558
3 7 8 1 1 1

WST'PILE
FT YEARS
H3M DELTA
•

•
•

•

•
•

•
•

•

•

•

•

•
•

3
2
2
2
2
2
1
1
1
1
1
1
1
1

927752 .

38
58
89

15 1
277
542

1898
2253
4899

1 1846
25694
61295

149237
369323

1 92579
18555 2729692 8 9 . 3 %293319 4 17 1 8 8 . 8 8 2348S48 . 1 234398



S=20X F=0 .20

THERMAL AND UPFREE2ING ANALYSIS ESTIMATES ~ PROGRAM UPFREE25Y -- 12- 18- 1936
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

XXXXXX YEARS TO UPFREE2E OBJECTS THRU COVER — PRELIMINARY RESULTS XXX***
OBJECTS HAVE (X - A> = 0 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD .LN = .365
HI

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [ FT3 ~ FINE-GRAINED SOIL
UNFROZEN DRY DENS. = 100 PCF, WATER CONT.
FROZEN DRY DENS. = 80 PCF, WATER CONT.
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS . = 100 PCF, WATER CONT.
FROZEN DRY DENS. = 80 PCF WATER CONT.

20. 3X (80X SAT)
37.7X C/L= .0076

KU=0 .8 1
L=4124 K F - 1 . 1 8

20.3X (80X SAT)
37.7% C/L= .0076 L=4124

KU =8 .8 1
KF=1 . 18

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 20X, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 2 0 ,
LAMBDA*SQRCN-FACTOR] = .48 <AVG) .00 <SD )

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + 0X - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 0 . 0 0
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UNFREEZING FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP.YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 6 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE (* OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 0 0 = EST'ED RELIABIL ITY (PROBABIL ITY ) UP .YRS EXCEEDS 160 YEARS

Fi F-DEG*DAYS PROB .
HI
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
1 .
2.
2.
2.
2.
2.
2.
8

TCAVG&CVX FPAVG&CVX
0
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5

533
645
767
900

1044
1 1 9 9
1364
1540
1726
1923
2 1 3 1
2358
2579
2818
3869
3338

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

. 9 8 1

.789

.648

.482

.336
.220
. 135
.079
.044
.024
. 0 1 2
. 806
. 0 0 3
. 0 0 1
. 0 0 1
. 000

6.
13 .
22.
3 1 .
4 1 .
50 .
58.
64.
70 .
75.
79 .
82.
85 .
87.
89 .
9 1 .

8
6
3
8
3
1
8
8
5
4
4
6
4
6
5
0

COVER THERMAL PROPERTIES IN H3 ( R l .
———————— YEARS ————————— PROB.X

FPY UP.YRS CV/. LBOND ABD R 1 0 0
98

122
1
1
2
2
4
6

1 1
22
45
98

221
5 15

1229
2991
7402

18555

1 . 1
3 . 0

159 6.7
2 1 9 1 2 . 4
327 2 1 . 0
533 3 1 . 1
9 4 2 4 1 . 6

1780 5 1 . 5
3573 6 0 . 1
7568 67 .4

16773 73 .3

97
1 1 8
143 100

83 2 .60
92 1 0 0 . 0 0

1 0 0 . 0 0
1 9 1 1 0 8 1 8 0 . 0 0
2 5 8 1 1 7 1 0 0 . 0 0
367 125 1 0 0 . 0 0
550 133 1 0 0 . 0 0
864 142 1 0 0 . 0 0

1424 1 50 1 0 0 . 0 0
2468 158 1 0 0 . 0 0
4479 167 1 0 0 . 0 0
8473 175 1 0 0 . 0 038566 7 8 . 0

9 1 3 1 3 8 1 . 8 16609 1 8 3 1 0 0 . 0 0
221230 84 .8 33543 192 1 0 0 . 8 0
545696 8 7 . 3 69433 200 1 0 0 . 0 0

1364846 89 .3 X146659 208 1 0 8 . 0 0

3=1)
YEARS
DELTA

19
29
45
76

139
273
546

1 1 3 1
2455
5535

12874
30713
74779

185856
463876

WST 'P I LE
FT
H3M
.3
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

1 174424 . 1

YEARS
DELTA

19
29
45
76

133
27 1
545

1 1 2 9
2450
5523

12847
30647
7 4 6 1 9

184661
462S9S

1 17 199



S=28X F =8 .38

THERMAL AND UPFREEZING ANALYSIS ESTIMATES ~ PROGRAM UPFREE25Y — 12 - 18 - 1986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X X X X X X
OBJECTS HAVE (X - A) = 8 . 3 8 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I > : LOGNORMAL W/ MEDIAN = 875 MEAN - 935 SD .LN= .365
HI

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT CFT ] — FINE-GRAINED SOIL
UNFROZEN DRY DENS . = 188 PCF, WATER CONT.= 20 .3X (88X SAT)
FROZEN DRY DENS. = 88 PCF, WATER CONT.= 37. 7X C/L = .8076 L=4124
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS . = 188 PCF, WATER CONT.= 28 . 3X (88X SAT)
FROZEN DRY DENS. 88 PCF WATER CONT.= 37. 7X C/L= .8876 L=4124

KU =0 .8 1
K F = 1 . 1 8

KU=8 .S 1
KF= 1 . IS

95X OF MAX LBOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 28X,
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 8 . 3 8 ,
LAMBDA*SQRCN-FACTGR] = .48 <AVG) .88 <SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND •«• 87. - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 .F , R 1 . 3 = 8 . 8 8
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI < FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING <X-A) < 8 . 3 8 FT

FOR H1=TCT: UP .YRS .IS AN ESTIMATE < + OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND < LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 0 0 = EST 'ED REL IABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 180 YEARS

H 1
1 . 8
1 . 1
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 . 7
1 . 8
1 . 9
2 . 8
2 . 1
2 .2
2 .3
2 .4
2 . 5

F-DEG*DAYS
TCAVG&CVX

533 14
645 14
767 14
988 14

1844 14
1 199 14
1364 14
1548 14
1726 14
1923 14
2 13 1 14
2358 14
2579 14
2818 14
3869 14
3338 14

PROB.
FPAVG&CVX
98 1
789
648
482
336
228
135
879
844
824
8 1 2
006
003
0 8 1
0 8 1
000

6 . 8
1 3 . 6
22 .3
3 1 . 8
41 .3
58. 1
58 .0
64 .8
70 .5
75 .4
7 9 . 4
82 .6
8 5 . 4
8 7 . 6
89 .5
9 1 . 0

COVER THERM*
__ NX r

FPY
1
1
2
2
4
6
1 1
22
45
98

221
5 15

1229
2991
7402

18555

UP.YRS
65
81

106
. 146
2 18
355
628

1 1 8 7
2382
5045

1 1 1 8 2
2 5 7 1 1
60875

147487
363797
909897

*L PR(:ARS -
CVX
1. 1
3 .0
6 . 7

1 2 . 6
2 1 . 0
31 . 1
4 1 . 6
5 1 . 5
68. 1
6 7 . 4
7 3 . 3
7 8 . 8
8 1 . 8
84 .8
87 .3
89 .3

DPERTIES Ih
LBOND

65
79
99

128
172
245
367
576
950

1645
2986
5649

1 1 0 7 3
22362
46288
97773

ABD
56
61
67
72
78
83
89
94

188
106
1 1 1
1 1 7
122
128
133
139

J H3 (Rl
PROB.X
R 1 0 0

0
0

79
99
99
99
99
99

108
100
108
1 00
100
188
108
100

. 0 0

.00

.57

.37
. 6 1
.65
.78
.92
. 00
. 0 0
. 0 0
. 08
. 00
. 08
. 0 0
.00

.3=1 )
YEARS
DELTA

13
19
38
51
93

182
364
754

1636
3698
8583

28476
49853

123378
309251
782949

WST'P ILE
FT YEARS
H3M DELTA
.3
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

13
19
38
58
92

18 1
363
753

1633
3632
8565

28432
49746

1 2 3 1 8 3
388599
78 1327



F=0 .40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y ~ 12 - 18 - 1986
MANVILLE WAUKEGAN, ILL PLANT NASTE PILE

* * * * * * YEARS TO UPFREEZE OBJECTS THRU COVER ~ PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE <X - A) = 8 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE— BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX <F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD .LN= .365
HI

H3M
H3

37.77. C/L = .8876 L=4124 K F = 1 . 1 3
DEPTH OF COVER ABOVE OBJECT, STARTING AT H 1=TCT CFT ] ~ F INE-GRAINED SO I L
UNFROZEN DRY DENS. = 100 PCF, WATER CONT.= 20. 3X (80% SAT) KU=0 .8 1
FROZEN DRY DENS. = 80 PCF, WATER CONT.
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS. = 108 PCF, WATER CONT.= 20.37. (80X SAT)
FROZEN DRY DENS. = 80 PCF WATER CONT.= 37. 7'/. C/L= .8676 L=4124

KU=8 .3 1
KF = 1 . I S

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S * 20%, 957. OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 4 0 ,
LAMBDA*SQRCN-FACTOR] = .48 (AVG) .00 <SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + 8X - 25Vi ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K 3 . F , R 1 . 3 = 0 . 0 0
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING <X-A> < 6 . 3 8 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE (+ OR - CV7.) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 8 0 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 100 YEARS

-1
HI
1
1
1
1

2
2
2
2
2
2

•
•

•
•

•

•

•

•

•
•

•

•

•
•

•

•

F-DEG*DAYS
TCAVGkCV7.

8
1
2
3
4
5
6
7
8
9
0
1
2
3
4
5

533
645
767
988

1044
1 1 9 9
1364
1548
1726
1923
2 13 1
2358
2579
2818
3869
3338

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

*

•

*

t

•

•

*

•

•
•

*

•

•

•

•

•

PROB.
FPAVG&CVX
9 8 1
789
648
482
336
228
135
879
044
024
0 1 2
006
883
8 0 1
8 8 1
888

6
13
22
3.1
4 1
58
58
64
78
75
79
82
85
87
89
91

.8
.6
.3
.8
.3
. 1
.8
.8
.5
.4
.4
.6
.4
.6
.5
.8

———————— YEARS
FPY UP.YRS CV7.

1 49 1. 1
1 61 3 .8
2 79 6.7
2 1 18 1 2 . 6
4 163 2 1 . 8
6 266 3 1 . 1

1 1 4 7 1 4 1 . 6
22 898 5 1 . 5
45 1787 68. 1
98 3784 6 7 . 4

221 8386 73 .3
515 19283 7 8 . 8

1229 45656 8 1 . 8
2991 1 1 8 6 1 5 8 4 . 8
7482 272848 8 7 . 3

18555 682423 89 .3

OPERTI
LBOND

48
59
74
96

129
184
275
432
7 12

1234
2239
4237
8305

16772
347 16
73338

ES II"
ABD

42
46
58
54
58
63
67
71
75
79
83
88
92
96

108
104

•J H3 (Rl
ppnp vn r\ U C- . t m
R 1 0 0

0 . 0 0
0 . 0 0
0 . 8 1

75 .54
96 .89
9 8 . 4 6
9 9 . 0 2
99 .44
99 .72
99 .88
99 .95
99.98

1 8 8 . 8 0
1 0 0 . 0 0
1 0 8 . 8 8
1 8 8 . 8 8

.3= 1 )
Y P^l P QT C.MP( O
DELTA

18
14
22
33
78

136
273
565

1227
2767
6437

15357
37398
92528

231938
587212

WJ
FT
H3M
• -fc*

. 2
.2
.2
. 2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

ST - ' P I L E
YEARS
DELTA

18
14
22
38
69

135
272
564

1225
2762
6423

15324
37389
92331

2 3 1 4 4 9
585995



S=28V. F =8 .58

THERMAL AND UPFREE2ING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 12 - 18 - 1986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER ~ PRELIMINARY RESULTS X X X X X X
OBJECTS HAVE <X - A) = 8 . 38 FT (EFFECTIVE PARTICLE S IZE , EPS .UF ) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I > : LOGNORMAL W./ MEDIAN = 875 MEAN = 935 SD.LN= .365
HI

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT CFT ] ~ F INE-GRAINED SO I L
26 .37 . (88X SAT)

8076
UNFROZEN DRY DENS . = 188 PCF, WATER CONT.
FROZEN DRY DENS. = 88 PCF, WATER CONT.= 37 .77 . C/L
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASTE P ILE OF SOIL--HAVING:
UNFROZEN DRY DENS.= 188 PCF, WATER CONT.= 2 8 . 3 X ( 88V". SAT)
FROZEN DRY DENS. = 88 PCF WATER CONT.

L=4124

37. C/L= .8876 L=4124

KU=6 .3 1
K F = 1 . 1 8

KU =8 . S 1
KF = 1 . 1 8

95'/. OF MAX LBOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 28X,
HEAVE FRACTION NOT RECOVERED ON THAWING, F « 8 . 5 8 ,
LAMBDAX SQRCN-FACTOR] = .48 <AVG) .88 ( SD)

ESTIMATES USE MOD. BERGGREN EQU . W/ KERSTEN KF 'S AND + 8V. - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K 3 . F , R 1 . 3 = 8 . 8 8
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3 .
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 8 . 3 8 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE ( + OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB> ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 8 8 = EST 'ED REL IABIL ITY (PROBAB IL ITY ) UP .YRS EXCEEDS 168 YErtRS

s^-F ,
HI
1 . 8
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 . 7
1 . 8
1 . 9
2 . 8
2 . 1
2 .2
2 . 3
2 . 4
2 . 5

F-DEG*DAYS PROB .
TCAVG&CVX FPAVG&CVX

533
645
767
988

1844
1 1 9 9
1364
1548
1726
1923
2 1 3 1
2358
2579
2818
3869
3338

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

. 9 8 1

.789

.646
.482
.336
.228
. 135
. 8 7 9
. 8 4 4
.824
. 6 1 2
. 8 8 6
. 8 8 3
. 8 6 1
.86 1
. 8 8 8

6 . 8
13 .6
2 2 . 3
3 1 . 8
4 1 . 3
58. 1
5 8 . 8
6 4 . 8
7 8 . 5
75 .4
7 9 . 4
8 2 . 6
85 .4
8 7 . 6
89 .5
9 1 . 8

COVER THERM*
• \xr

FPY
1
1
2
2
4
6

1 1
22
45
98

221
5 15

1229
2991
7482

18555

' UP .YRS
39
49
64
88

13 1
2 13
377
7 1 2

1429
3827
6789

15427
36525
88492

218278
545938

*L PRC:ARS -cvx1. 1
3 . 8
6 . 7

1 2 . 6
2 1 . 8
31 . 1
4 1 . 6
5 1 . 5
66. 1
67 .4
7 3 . 3
7 8 . 8
8 1 . 8
8 4 . 8
8 7 . 3
89 .3

3PERTIES Ih
LBOND

39
47
59
77

183
147
228
345
576
987

1792
3389
6644

1 3 4 1 7
27773
58664

ABD
33
37
48
43
47
58
53
57
66
63
67
78
73
77
88
83

J H3 (Rl
PROB.%
R 1 8 8

6 . 8 6
8 . 8 6
6 . 6 8

1 3 . 2 9
86 .96
9 6 . 2 8
9 8 . 8 4
9 3 . 9 8
9 9 . 4 3
99 .73
99 . 88
9 9 . 9 5
99 .98
99 .99

1 8 6 . 8 8
1 8 6 . 8 8

. 3= 1 >
YEARS
DELTA

8
12
18
38
56

109
2 1 8
452
982

2214
5 158

12285
29912
74822

185558
469778

WST 'P I LE
FT YEARS
H3M
.3
.2
.2
.2
.2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

DELTA
8

12
18
38
55

1 6 8
2 1 8
452
988

2289
5 1 3 9

12259
29847
73365

185 159
468796



S=30X F =0 . 10

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 12 - 13 - 1936
MANVILLE NAUKEGAN, ILL PLANT NASTE P ILE

* * * * * * YEARS TO UPFREE2E OBJECTS THRU COWER — PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE <X - A) = 0 . 3 8 FT (EFFECTIVE PARTICLE S IZE , EPS .UF ) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD . LN = . 365
HI

H3M
H3

L=4590 KF = 1 . 23
DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.= 100 PCF , WATER CONT.= 20 . 3X (80'-'. SAT) K IN0 .8 1
FROZEN DRY DENS. = 70 PCF, WATER CONT.= 47. 9X C/L= .006S
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
NASTE P ILE OF SOIL—HAVING:
UNFROZEN DRY DENS . = 100 PCF , WATER CONT.= 20 . 3X
FROZEN DRY DENS. = 70 PCF WATER CONT.

(80X SAT)
47 .9X C/L= .0068 L=459G

KU =0 .3 1
KF = 1 . 23

95X OF MAX LBOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 30X,
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 1 0 ,
LAMBDA*SQRCN-FACTOR] = .48 cAVG) .00 < SD )

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + 0'/. - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K 3 . F , R 1 . 3 = 0 . 0 0
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP .YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING CX-A) < 0 . 3 0 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 0 0 = EST 'ED REL IABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 100 YEARS

F" F-DEG*DAYS PROB .
HI
1 . 0
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 . 7
1 . 8
1 . 9
2 . 0
2. 1
2 . 2
6
2 .3
1
2 . 4
550
2 .5
794

COVER THERM*
_ VE

TCAVG&CVX FPAVGfccCVX FPY
667
807
961

1 1 2 8
1308
150 1
170S
1928
2162
2408
2669
2942
3229
3529
3843
4 1 7 0

1 0 0

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

14

.763

.59 1

. 4 1 7

.269

. 160
.089
. 047
.023
.01 1
. 0 0 5
. 0 0 2
. 0 0 1
. 0 0 0

.000

. 0 0 0

. 0 0 0

1 5 . 2
25 .2
35 .9
4 6 . 2
55.5
63 .4
7 0 . 0
75 .5
79 .9
83 .4
86 .3
88 .6
9 0 . 5
92 .0
93 .2
9 4 . 2

1
2
3
5
9

19
42

100
249
645

1720
4696

13056
36798

104776

300496

UP.YRS
162
225
339
565

1029
2044
44 13

10236
25144
64570

1 7 1 5 1 8
467390

1298283
3657845

1 0 4 1 2 3 4 0

29852500

*L PR(:ARS -cvx
3
8

16
27
38
49
59
67
74
79
83
86
88
90
92
93

.8

.7

.7

. 1
.5
.7
.6
.7
.2
.2
. 1
.2
. 6
.5
. 1

. 3

DPERTIES IN H3 (R
LBOND ABD R 1 0 0

1 5 6 1 1 1 1 0 0 . 0 0
205 122 1 0 0 . 0 0
283 133 1 0 0 . 0 0
4 1 2 1 4 4 1 0 0 . 0 0
632 156 1 0 0 . 0 0

1029 167 1 0 0 . 0 0
1785 1 7 8 1 0 0 . 0 0
3304 189 1 0 0 . 0 0
6489 200 1 0 0 . 0 0

1 34 12 2 1 1 1 0 0 . 0 0
289 14 222 1 0 0 . 0 0
64501 233 1 0 0 . 0 0
X 147883 244 1 0 0 .
X346534 256 100 .
X826244 267 1 0 0 .
X 1 9 9 7 1 9 4 273 100

: 1 .3 = 1 ) WST 'P I LE
YEARS FT YEARS-
DELTA H3M

46 .2
79 .2

156 .2
30 1 . 1
627 . 1

1404 . 1
3335 . 1
3 3 1 0 . 1

2 1506 . 1
57346 . 1

156550 . 1
435194 . 1

00 122659 1 , 1
00 3492534 . 1
00 X 1 0 0 16460

. 00 X23863350

DELTA
46
73

149
300
625

1460
3327
8233

2 1 4 4 3
5 7 1 9 2

156 136
434041

122339
348365

. 1 9991

. 1 X28



S=38X F =8 .28

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREE25Y — 12 - 18 - 1986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X X X X X X
OBJECTS HAVE (X - A) = 8 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF NASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I > : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD .LN = .365
HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT CFT ] — F INE-GRAINED SOIL

UNFROZEN DRY DENS. = 188 PCF, WATER CONT.= 20 .37 . (80X SAT) K I N8 .8 1
FROZEN DRY DENS. = 78 PCF, WATER CONT.= 47 .97 . C/L = .8068 L=4598 KF = 1 . 23

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE P ILE OF SOIL—HAVING:

UNFROZEN DRY DENS . = 188 PCF, WATER CONT.= 20 . 3X (88% SAT) K U = 0 . 8 1
FROZEN DRY DENS. = 78 PCF WATER CONT.= 47 .9% C/L = .8068 L=459C KF = 1 . 23

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 38X, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 8 . 2 8 ,
LAMBDAXSQRCN-FACTORJ = .48 <AVG> .88 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + 0X - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 8 . 9 8
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 8 . 3 6 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND <LB) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 8 8 = EST'ED RELIABIL ITY (PROBABILITY) UP .YRS EXCEEDS 188 YEARS

F , F-DEGXDAYS PROB .
COVER THERM*
_ vc

HI TCAVG&CVX FPAVG&CVX FPY
1 . 8
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 . 7
1 . 8
1 . 9
2 . 0
2. 1
2 . 2
.2 .3
5
2 .4
5
2 .5
97058

66?
807
961

1 1 28
1388
158 1
1788
1928
2 162
2488
2669
2942
3229
3529
3843
4 178

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.763
.59 1
. 4 1 7
.269
. 168
.089
. 0 4 7
.023
. 8 1 1
. 0 0 5
. 0 0 2
. 0 0 1
. 0 8 0
. 0 0 8

. 0 8 0

. 0 0 0

1 5 . 2
25 .2
35 .9
46 .2
55 .5
63 .4
7 0 . 8
75 .5
7 9 . 9
83 .4
8 6 . 3
8 8 . 6
9 8 . 5
9 2 . 0
93 .2
9 4 . 2

1
2
3
5
9

19
42

1 00
249
645

1720
4696

13056
36798

104776
300496

UP .YRS
81

1 12
178
282
5 14

1822
2287
5 1 1 8

12572
32285
85759

233695
6 4 9 1 4 1

1828922
5286 178

14926250

*L PR>::ARS -cvx
3 . 8
8 . 7

1 6 . 7
27. 1
38 .5
4 9 . 7
59 .6
6 7 . 7
74 .2
79 .2
83. 1
86 .2
88 .6
9 0 . 5
92. 1
93 .3

UPERTIES ir
LBOND ABD

78 56
182 6 1
141 67
286 72
316 78
514 83
892 89

1652 94
3245 188
6706 186

14457 1 1 1
32258 1 17
73941 122

J H3 (R l .
PROB .X
R 1 0 0

8 . 8 0
89 .42
99 .32
9 9 . 4 4
99 .55
9 9 . 7 5
9 9 . 9 0
9 9 . 9 8

1 0 8 . 8 8
1 0 0 . 0 0
1 0 0 . 0 0
1 0 0 . 0 8
1 8 8 . 8 8

X173267 128 1 8 8 . 0 8
X 4 1 3 1 2 2 1 33 1 8 8 . 0 8
X998597 139 1 8 0 . 0 0

3=1) WST 'P ILE
YEARS FT YEARS
DELTA H3M

23 .2
39 .2
75 .2

158 . 1
313 . 1
782 . 1

166S . 1
4 1 5 5 . 1

18753 . 1
28673 . 1
78275 . 1

2 17597 . 1
6 13295 . 1

1746267 .
5803229 .
XI 443 1930

DELTA
23
39
75

150
3 1 3
780

1663
4 1 4 4

1 8 7 2 4
23596
78865

2 1 7 0 2 0
61 1698

1 1 7 4 1 8 2
1 499577
. 1 X I 43



S=38X F =8 .38

THERMAL AND UPFREE2ING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 12- 13- 1936
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

* * * * * * YEARS TO UPFREEZE OBJECTS THRU COVER ~ PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE (X - A) = 9 . 3 8 FT <EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF NASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS - TCT
THERMAL LOAD FREEZE INDEX ( F I > : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD . LN = .365
HI

H3M
H3

KF= 1 .23
DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT ] — F INE-GRAINED SO I L
UNFROZEN DRY DENS . = 106 PCF, NATER CONT.= 28 .3X (S8X SAT) KU =8 . S 1
FROZEN DRY DENS. = 78 PCF, NATER CONT.= 47.97. C/L= .886S L=4598
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASTE P ILE OF SOIL—HAVING:
UNFROZEN DRY DENS.= 188 PCF, WATER CONT.= 28 . 3X (88X SAT)
FROZEN DRY DENS. = 78 PCF WATER CONT.= 47. 9X C/L= .0868 L=4598

K U = 8 . 3 1
KF = 1 . 23

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 30X, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 8 . 3 8 ,
LAMBDA*SQRCN-FACTOR] = .48 <AVG> .88 <SD)

ESTIMATES USE MOD. BERGGREN EQU . W/ KERSTEN KF 'S AND + 8X - 25X ERROR IN KF ' S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 8 . 8 8
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI ( FOR HI PROPS IN H3> BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING <X-A) < 8 . 3 6 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE O OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND < LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 8 8 = EST 'ED REL IAB IL ITY (PROBABIL ITY ) UP .YRS EXCEEDS 188 YEARS

F . F-DEG*DAYS PROB.
COVER THERMS
_ v/c

HI TCAVG&CVX FPAVG&CVX FPY
1 . 8
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 . 7
1 . 3
1 . 9
2 . 0
2. 1
2 . 2
2 .3
7
2 . 4
7
2 .5
5

667
887
961

1 1 2S
1368
158 1
1788
1928
2 162
2488
2669
2942
3229
3529
3843
4 1 7 8

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.763

. 5 9 1
. 4 1 7
.269
. 168
.889
. 8 4 7
.823
. 8 1 1
. 8 8 5
. 8 8 2
. 8 8 1
. 0 0 0
. 0 8 0

. 0 8 8

. 0 0 0

1 5 . 2
25 .2
3 5 . 9
4 6 . 2
55 .5
6 3 . 4
7 0 . 0
75 .5
7 9 . 9
8 3 . 4
8 6 . 3
8 8 . 6
9 8 . 5
9 2 . 0
93 .2
9 4 . 2

1
2
3
5
9

19
42

1 8 8
249
645

1720
4696

13856
36793

104776
300496

UP.YRS
54
75

1 1 3
188
343
681

147 1
34 12
8381

2 1523
57 173

155797
432761

12 19282
3470781
9950832

*L PRC:ARS -cvx
3 . 8
8 . 7

1 6 . 7
2 7 . 1
38 .5
49 .7
59 .6
6 7 . 7
7 4 . 2
79 .2
83. 1
86 .2
8 8 . 6
9 0 . 5
92. 1
93 . 3

3PERTIES IN H3 (R i .
LBOND

52
68
94

137
21 1
343
595

1 101
2 163
4471
9638

2 1 5 0 0
49294
XI 155 1
X27541
X66573

ABD R 100
37 0 . 0 0
4 1 0 . 0 1
44 75 .59
48 9 6 . 1 1
52 9 3 . 0 5
56 93 .89
59 9 9 . 4 4
63 9 9 . 7 6
67 9 9 . 9 8
70 99 .96
74 99 .99
78 1 0 0 . 0 8
8 1 1 0 0 . 0 0

1 85 1 0 0 . 6 0
5 39 i ee . e e
1 93 1 8 8 . 8 8

3=1) WST ' P I L E
YEARS FT YEARS
DELTA H3M

15 .2
26 .2
58 .2

188 . 1
289 . 1
463 . 1

1 1 12 . 1
2778 . 1
7 169 . 1

1 9 1 1 5 . 1
52183 . 1

145865 . 1
488864 . 1

1 1 6 4 1 7 8 .
3338328 .
962 1285 .

DELTA
15
26
56

1 0 8
208
467

1 109
2763
7 1 4 9

1 9 8 6 4
52843

144638
487799

1 1 1 6 1 2 1
1 33385 1
1 959383



S=30'/. F =0 .40

THERMAL AND UPFREE2ING ANALYSIS ESTIMATES — PROGRAM UPFREE25Y -- 1 2 - 1 3 - 19S6
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X * YEARS TO UPFREE2E OBJECTS THRU COVER ~ PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE (X - A> = 6 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD . LN = . 365
HI

H3M
H3

DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT ] -- F INE-GRAINED SO I L
20.3V. <80X SAT)
4 7 .9X C/L= .006S
IN:

L=4590
UNFROZEN DRY DENS. = 10t f PCF, WATER CONT.=
FROZEN DRY DENS. = 70 PCF, WATER CONT.=
OBJECT LENGTH FOR MAX UPFREEZE, STARTING
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS.= 108 PCF, WATER CONT.= 20 .3 ' / . < 80V. SAT)
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47.9V. C/L= .0063 L=45'?e

KU=0 .S 1
KF = 1 . 23

KU =0 .S 1
KF= 1 .23

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 30V. ,
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 4 0 ,
LAMBDA*SQRCN-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + (
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 0 . 0 0

95X OF MAX L

- 25V. ERROR IN KF 'S

FRY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREE2ING FROM HI ( FOR HI PROPS IN H3> BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 0 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE <+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
RK10 = EST'ED REL IABIL ITY (PROBABIL ITY . ) UP .YRS EXCEEDS 166 YEARS

pV^ F-DEGXDAYS PROB .
COVER THERMS

— \se
HI TCAVGkCVX FPAVG&CVX FRY
1 . 0
1 . 1
1 . 2
1 . 3
1 .4
1 . 5
1 . 6
1 .7
1 . 8
1 . 9
2 . 0
2. 1
2 . 2
2 .3
2 . 4
8
2 .5
6

667
807
961

1 128
1308
1 5 0 1
1708
1928
2162
2408
2669
2942
3229
3529
3843
4 1 7 0

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.763
.591
. 4 1 7
.269
. 160
.089
.047
.023
. 0 1 1
. 0 0 5
. 0 0 2
. 0 0 1
. 0 0 0
. 0 0 0
. 0 0 0

. 0 0 0

15
25
35
46
55
63
70
75
79
83
86
88
90
92
93
94

.2
.2
.9
.2
.5
.4
. 0
. 5
.9
.4
.3
.6
. 5
.0
.2
. 2

1
2
3
5
9

19
42

1 0 0
249
645

1720
4696

13056
36798

104776
300496

UP.YRS
4 1
56
85

14 1
257
5 1 1

1 103
2559
6286

1 6 1 4 3
42880

1 16843
324571
914461

2603086
7463125

:»L PR(:ARS -cvx
3 . 8
8 . 7

1 6 . 7
27. 1
38.5
4 9 . 7
59 .6
6 7 . 7
74 .2
79 .2
83. 1
86 .2
8 8 . 6
9 0 . 5
92. 1
93 .3

HPERTIES IN H3 (R 1 .3= 1 ) W
• — P C1 r~i R V V C*^i. D C FT"r KU D • /• T C.H rC o i 1

1ST- P ILE
YEARS

LBOND ABD R 1 0 0 DELTA H3M DELTA
39
51
7 1

1 0 3
158
257
446
826

1622
3353
7228

16 125
36971
86634
X206561
X499293

28 0 . 0 0 1 1 .2
31 0 . 0 0 20 .2
33 1 4 . 1 2 38 .2
36 8 6 . 1 9 75 . 1
39 95 .68 157 . 1
42 97 .88 351 . 1
44 98 .96 834 .1
47 99 .53 2078 . 1
50 9 9 . 8 1 5376 . 1
53 9 9 . 9 3 14337 . 1
56 99 .97 39 133 . 1
58 99.99 108798 . 1
6 1 1 0 0 . 0 0 306648 . 1
64 1 0 0 . 0 0 873133 . 1

67 1 0 0 . 0 0 2 5 0 4 1 1 5 .
69 1 0 0 . 0 0 7 2 1 5 9 6 4 .

1 1
20
37
75

156
350
832

2072
5362

14298
39033

1 0 8 5 1 0
305849
870913

1 2497S8
1 7 1 9 8 5 2



S=30% F =0 .50

THERMAL AND UPFREE2ING ANALYSIS ESTIMATES — PROGRAM UPFREE25Y — 1 2 - 1 8 - 1986
MANVILLE NAUKEGAN, ILL PLANT NASTE PILE

* * * * * * YEARS TO UPFREE2E OBJECTS THRU COYER — PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE (X - A) = 8 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX ( F I ) : LOGNORMAL W/ MEDIAN « 875 MEAN = 935 SD .LN = .365
HI

H3M
H3

L=4598 KF = 1 . 23
DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT CFT] — F INE-GRAINED SO IL
UNFROZEN DRY DENS . = 100 PCF, WATER CONT.= 20 .3% <80% SAT) KU -8 .8 1
FROZEN DRY DENS. = 70 PCF, WATER CONT.= 47 .9% C/L= .8868
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS . = 188 PCF, WATER CONT.= 2 8 . 3 X (30% SAT)
FROZEN DRY DENS. = 70 PCF WATER CONT.= 47 .9 '/ . C/L= .0868 L=4598

K U = 0 . 8 1
KF = 1 . 23

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 38%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 5 0 ,
LAMBDA*SQRCN-FACTOR] = .48 (AVG) .88 <SD >

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + 0% - 25% ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K 3 . F , R 1 . 3 = 8 . 8 8
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 0 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE (+ OR - CV%) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND < L B > ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND E P S . U F
R 1 0 0 = EST- 'ED REL IABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 106 YEARS

F i F-DEG*DAYS
H1 TCAVG&CVX
1 .0 667 14
1 . 1 807 14
1 . 2 96 1 14
1 . 3 1 1 2 8 14
1 .4 1 303 14
1 . 5 1 5 0 1 14
1 . 6 1703 1 4
1 .7 1928 14
1 .8 2 162 14
1 .9 2408 14
2.0 2669 14
2 . 1 2942 14
2.2 3229 14
2.3 3529 14
2.4 3843 14
8
2 .5 4 1 7 8 14 . 8 0 0 9 4 . 2 300496 5970500 93 .3 X399439 56 1 0 8 . 8 8 5772771 . 1 575SS2
1

PROB.
COVER THERM*
_— vc

FPAVG&CVX FPY
763
591
4 1 7
269
160
089
047
023
0 1 1
005
8 0 2
00 1
8 8 0
0 0 0
0 0 0

1 5 . 2
2 5 . 2
3 5 . 9
4 6 . 2
55 .5
6 3 . 4
7 0 . 0
75.5
7 9 . 9
8 3 . 4
86 .3
8 8 . 6
9 0 . 5
9 2 . 0
93 .2

1
2
3
5
9

19
42

188
249
645

1728
4696

1 3856
36798

104776

UP.YRS
32
45
68

1 1 3
286
489
883

2047
5029

129 14
34304
93478

259657
731569

2082468

*L PR(:ARS -cvx
3 . 8
8 . 7

1 6 . 7
27. 1
3 8 . 5
4 9 . 7
5 9 . 6
67 .7
7 4 . 2
79 .2
83. 1
86 .2
88 .6
9 0 . 5
92. 1

3PERTIES I
LBOND ABD

31
4 1
57
82

126
206
357
661

1298
2682
5783

12900
29577
69387
X 165249

22
24
27
29
3 1
33
36
38
48
42
44
47
49
5 1

N H3 (Rl .
PROB .X
R 1 8 0

8
8
0

66
92
96
93
99
99
99
99
99
99

1 00

. 0 0

. 0 0

. 22

.62

. 16
. 7 0
.44
.30
. 7 1
.89
.96
.98
.99
. 8 8

53 1 8 8 . 8 8

3=1)
YEARS
DELTA

9
16
36
66

125
2S 1
667

1662
438 1

1 1469
3 1 3 1 0
87039

2453 18
698507

WST 'P I LE
FT YEARS
H3M
.2
.2
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

2883292 .

DELTA
9

16
30
60

125
288
665

1653
4290

1 1 4 3 3
3 1 2 2 6
86808

244679
696738

1 19983 1



s=40x F =0 . i e
THERMAL AND UPFREE2ING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 12 - 18 - 1936

MANVILLE WAUKEGAN, ILL PLANT NASTE PILE
X * X X X * YEARS TO UPFREE2E OBJECTS THRU COVER ~ PRELIMINARY RESULTS * * * * * *

OBJECTS HAVE <X - A) = 9 . 3 8 FT (EFFECTIVE PARTICLE S IZE , EPS .UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD . LN = . 365
HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT ] ~ F INE-GRAINED SO IL

UNFROZEN DRY DENS . « 188 PCF, WATER CONT.= 28 .3X (88X SAT) K U = 8 . 8 1
FROZEN DRY DENS. = 60 PCF, WATER CONT.= 6 1 . 6 X C/L= .8862 L=5857 KF = 1 . 38

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS.= 188 PCF, WATER CONT.= 28 .3X (88X SAT) KU =8 .8 1
FROZEN DRY DENS. = 68 PCF WATER CONT.= 61 .6X C/L= .8062 L=5857 KF = 1 . 30

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 40V. ,
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 1 8 ,
LAMBDA* SGRCN-FACTOR] = .48 <AVG) .88 <SD )

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 =0 . 80

95X OF MAX L

8% - 25% ERROR IN KF 'S

FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI ( FOR HI PROPS IN H3> BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING <X-A) < 0 . 3 0 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE < + OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND < LB> ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 0 8 = EST 'ED REL IABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 100 YEARS

F-DEGXDAY
TCAVG&CVX

803 14
971 14

1 1 5 6 14
1356 14
1573 14
1886 14
2855 14
23 19 14
2688 14
2897 14
32 10 14

HI
1 . 0
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1.6
1.7
1 . 8
1 . 9
2 . 8
4
2. 1
4
2 .2
7
2.3 4246 14
39 1988
2.4 4623 14
4 6 6 3 1 2 1 8
2 .5 58 16 14

X55294688

S PROB.
FPAVG&.CVX

.597 24 .8

.406 3 6 . 6

.248 4 7 . 8

. 1 3 8 5 7 . 7

. 8 7 1 65 .9
.034 72 .6
. 0 1 6 78 .0
. 0 8 7 82 .2
. 0 0 3 85 .6
. 8 8 1 88 .2
. 8 8 8 9 8 . 3

COVER THERMAL PROPERTIES IN H3
» ir .A. o ̂ cmr^rj

i

FPY
2
3
5
1 1
25
62

164
459
332

3989
1 22 18

UP.YRS CVX
163
261
461
987

199 1
4 8 1 7

12603
34992

1 0 1 5 1 1
304894
932545

9.
17 .
29.
4 1 .
53.
63 .
7 1 .
77 .
82.
85.
88.

0
9
3
S
6
7
7
7
3
8
5

LBOND
148
2 1 4
326
528
924

1749
3573
7793

17936
43075

ABD
83
92

1 0 0
1 08
1 1 7
125
133
142
150
158

X 106958 16

rrcuc
R 1 0 0
1 8 8 .
99 .

1 8 8 .
1 8 0 .
1 0 0 .
1 8 8 .
1 8 8 .
1 8 8 .
1 8 8 ,
1 0 0 .

( R 1 .
%/

00
99
08
80
88
88
88
88
00
00

7 1 8 0 . 0 0

3=1)
YEAR -,i t^n i* w1

DELTA
65

130
271
62 1

1546
4 1 0 6

1 1467
333 1 1
99725

305441
9 5 1 4

W S T ' P I L E
H3M
.2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

62 . 1

i C.MP;O
DELTA

65
130
278
6 1 9

1542
4093

1 1438
33283
99404

304468
94848

3539 14 . 8 8 8 9 2 . 8 38859 2908290 9 0 . 6 X272578 175 1 0 0 . 0 0 3008829 . 1 299837
3884 14 . 8 8 8 93 .4 1 2 8 0 0 1 9 177257 9 2 . 3 X788S 15 183 1 0 8 . 0 0 9537984 . 1 958968

. 8 8 8 9 4 . 4 3 8 1 5 1 6 2 9 1 8 6 1 8 8 9 3 . 6 X 1 8 7 2 1 3 1 1 9 2 1 0 0 . 0 0 X304797S0 . 1 X 3 0

. 8 0 8 95 .3 X 1 2 1 9 1 9 0 67673488 9 4 . 4 X38867 13 280 1 8 8 . 8 8 X46494798 .3 X

. 8 0 0 96 .0 X3906834 X 1 183S78e e 94 .9 X5983238 283 1 0 0 . 0 0 X54932500 .3



S=40X F =8 .20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 12 - 13 - 1936
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

* * * * * * YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE (X - A) = 0 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I > : LOGNORMAL W./ MEDIAN = 875 MEAN = 935 SD .LN = .365
HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT ] — F INE-GRAINED SO IL

UNFROZEN DRY DENS . = 100 PCF, WATER CONT.= 20 .3X (80X SAT) K U = 8 . 8 1
FROZEN DRY DENS. = 60 PCF, WATER CONT.= 6 1 . 6 X C/L = .0862 L=5857 KF= 1 .38

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE P ILE OF SOIL—HAVING:

UNFROZEN DRY DENS . = 100 PCF, WATER CONT.= 20 . 3X (80X SAT) K U = 0 . 8 1
FROZEN DRY DENS. = 60 PCF WATER CONT.= 6 1 . 6 X C/L= .0062 L=5S57 K F = 1 . 3 0

BOTH COVER AND WASTE .P I LE USE HEAVE STRAIN, S = 40X, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 2 0 ,
LAMBDA*SQRCN-FACTOR] = .48 <AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + 8X - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 8 . 0 0
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP .YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 0 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE <+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 0 0 = EST'ED REL IABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 188 YEARS

F ,
HI
1 . 0
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1 .6
1 .7
1 . 3
1 . 9
2 . 0
2. 1
7
2 . 2
4
2.3 4246 14
95950
2 .4 4623 14
2 3 3 1 5 6 1 0
2 .5 5 0 1 6 14
27647300

F-DEG*DAY
TCAVG&CVX

803 14
971 14

1 1 5 6 14
1356 14
1573 14
1806 14
2055 14
23 19 14
2600 14
2897 14
32 10 14
3539 14
3884 14

COVER THERM*
_ — \>T

FPY
2
3
5
1 1
25
62

164
459

1332
3989

1 22 18
38859

UP .YRS
82

138
231
454
995

2408
6302

17496
50755

152047
466273

1454 145

*L P:ARS'R(
CVX
9 .

17 .
29 .
4 1 .
53.
63.
7 1 .
77 .
82 .
85.
88 .
90 .

8
9
3
8
6
7
7
7
3
8
5
6

DPERTIES I
LBOND ABD

74
107
163
264
462
874

1786
3897
8968

2 1537
53479
XI 36289

42
46
50
54
58
63
67
71
75
79
83

N H3 ( R l .
PROB.X
R 1 0 0

0
90
97
98
99
99
99
99
99

188
1 8 8

•

•
•

•

•

•

•
•

•

•
,

57
46
72
63
26
67
88
96
99
88
08

88 1 8 8 . 8 0

3=1)
YEARS
DELTA

33
65

135
31 1
773

2853
5734

16656
49863

152721
475731

1 5 0 0 8

WST' P ILE
FT YEARS
H3M DELTA
. 2
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

14 .

32
65

135
3 1 8
77 1

2046
5 7 1 5

16682
49702

152234
474242

1 149543

S PROB.
FPAVG&CVX

.597 2 4 . 8

.406 36 .6
.248 4 7 . 8
. 1 3 8 5 7 . 7
. 0 7 1 6 5 . 9
.034 72 .6
. 0 1 6 78 .0
. 0 0 7 82 .2
. 0 0 3 8 5 . 6
. 0 0 1 83 .2
. 0 0 0 9 0 . 3
. 0 0 0 9 2 . 0
. 6 0 0 9 3 . 4 1 2 0 0 0 1 4588629 92 .3 X354407 92 1 0 0 . 0 0 476S952 . 1 475430
. 0 0 0 9 4 . 4 3 8 1 5 1 6 14593050 93 .6 X936065 96 1 0 0 . 8 0 X 15239890 . 1 X 1 5 1
. 0 0 0 9 5 . 3 X 1 2 1 9 1 9 0 33836690 9 4 . 4 X 1903356 100 1 0 0 . 8 0 X23247408 . 3 X
. 0 0 0 9 6 . 0 X3906034 59 1935 18 9 4 . 9 X 2 9 9 1 6 1 9 184 1 0 0 . 0 8 X27466250 .3 X



S=40% F =0 .30

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 12 - 18- 1986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X X X X X X YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X X X X X X
OBJECTS HAVE <X - A) = 0 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF NASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN= .365
HI

H3M
H3

L=5057 KF = 1 . 30
DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT ] — FINE-GRAINED SO IL
UNFROZEN DRY DENS.= 100 PCF, WATER CONT.= 20.3% (80% SAT) KU=d .S l
FROZEN DRY DENS. = 60 PCF, WATER CONT.= 61 . 6Y. C/L= .0062
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS . = 100 PCF, WATER CONT.
FROZEN DRY DENS. = 60 PCF WATER CONT.

20 .37 . (80% SAT)
6 1 . 6 % C/L= .0062 L=5057

KU=0 .8 1
KF = 1 . 36

95% OF MAX LBOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 40%,
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 3 0 ,
LAMBDAXSQRCN-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU . W/ KERSTEN KF 'S AND + 0% - 25% ERROR IN KF ' S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 0 . 0 0
FPY - AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING <X-A> < 0 . 3 0 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE (+ OR - CV%) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB> ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 0 e = EST 'ED REL IABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 106 YEARS

FV F-DEGXDAYS PROB .
COVER THERM*

HI TCAVG4cCV% FPAVGikCV% FPY
1 . 0
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 . 7
1 .8
1 . 9
2 . 0
2. 1
2 .2
9
2 . 3
30630
2 . 4

803
971

1 1 5 6
1356
1573
1806
2055
23 19
2600
2397
3210
3539
3884
4246
4623

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.597

.406

.248

. 138
. 0 7 1
.034
. 0 1 6
. 0 0 7
. 0 0 3
. 0 0 1
. 0 8 0
. 0 0 0
. 0 0 0

. 0 0 0

. 0 0 0

24
36
47
57
65
72
78
82
85
88
90
92
93
94
95

.8
.6
.8
.7
.9
.6
. 0
.2
.6
.2
.3
.0
.4
.4
.3

2
3
5
1 1
25
62

164
459

1332
3989

122 18
38059

1 2 0 0 0 1

3 8 1 5 1 6
% 1 2 1 9 1 9 0

UP .YRS
54
87

154
3*2
664

1606
4 2 0 1

1 1 6 6 4
33837

1 0 1 3 6 5
310848
969430

3059086
9728700

!>L PR:ARS •cv%
9

17
29
41
53
63
71
77
82
85
88
90
92
93

22557800

. 0

.9

.3
.8
.6
.7
.7
.7
.3
.8
.5
.6
.3
.6
94

OPERTIES IN H3 (R 1 . 3 = 1 ) W
rf\L' t? • . ' • T E-Mr^O i 1

LBOND ABD R 1 0 0 DELTA H3M
49 28 0 . 0 0 22 .2
71 3 1 2 0 . 0 7 43 . 1

109 33 88 .73 90 . 1
176 36 96 .24 207 . 1
308 39 98 .23 5 15 . 1
533 42 9 9 . 2 1 1369 . 1

1 1 9 1 44 9 9 . 6 9 3S22 . 1
2598 47 99 .89 1 1 1 0 4 . 1
5979 50 99 .96 33242 . 1

14353 53 99 .99 1 0 1 3 1 4 . 1
35653 56 1 0 0 . 0 0 3 17 154 . 1
90859 58 1 0 0 . 0 0 1 0 0 0 0 1 0 . 1
%236272 61 1 0 0 . 0 0 3179302 .
%624044 64 1 9 0 . 0 0 X10 159930

ST 'P I LE
YEARS
DELTA

22
43
90

206
5 1 4

1364
3 8 1 8

1 1063
33135

1 0 1 4 8 9
3 1 6 1 6 1
996953

1 3 16986
. 1 %10 1

.4 % 1268904 67 1 9 0 . 0 0 X 15498269 .3 %
15543740
2 .5 5 0 1 6 14 . 0 0 0 96 .0 %3906034 39462350 94 . 9 % 1 9 9 4 4 1 3 69 1 0 0 . 0 0 X 1 8 3 1 9 8 3 6 .3 %
18431530



S=48X F =8 .40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREE25Y — 1 2 - 18 - 1936
MANVILLE NAUKEGAN, ILL PLANT NASTE PILE

YEARS TO UPFREE2E OBJECTS THRU COVER — PRELIMINARY RESULTS X X X X X X
OBJECTS HAVE (X - A) = 8 . 3 8 FT (EFFECTIVE PARTICLE S IZE , EPS .UF ) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX ( F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD .LN = .365
HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT CFT ] — F INE-GRAINED SO IL

UNFROZEN DRY DENS. = 188 PCF, WATER CONT.= 28 .3X (80X SAT) KU =8 .S 1
FROZEN DRY DENS. = 60 PCF, WATER CONT.= 6 1 . 6 X C/L= .0062 L=5057 K F = 1 . 3 0

H3M - OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE PILE OF SOIL—HAVING:

UNFROZEN DRY DENS. = 100 PCF, WATER CONT.= 28 .3X (88X SAT) KU=0 .8 1
FROZEN DRY DENS. = 60 PCF WATER CONT.= 6 1 . 6 X C/L= .0062 L=5857 KF = 1 .3 *

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 48X, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 4 0 ,
LAMBDA*SQRCN-FACTOR] = .48 (AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + 0X - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 0 . 0 0
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 0 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND ( L B ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 0 6 = EST'ED RELIABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 100 YEARS

F'I F-DEGXDAYS PROB.
HI
1 . 0
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 . 7
1 . 8
1 . 9
2 . 0
2. 1
2 .2
2
2 . 3
5
2 . 4

TCAVG&CVX FPAVG^CV'
803
971

1 1 56
1356
1573
1806
2055
2319
2600
2897
32 10
3539
3884
4246
4623

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.597

. 4 0 6
.248
. 138
.87 1
. 8 3 4
. 0 1 6
. 0 0 7
. 0 0 3
. 0 0 1
. 8 8 8
. 8 8 8
. 0 8 0
. 0 0 8

. 0 0 0

2 4 . 8
3 6 . 6
4 7 . 8
57.7
65.9
72 .6
7 8 . 0
82 .2
85 .6
83 .2
9 0 . 3
9 2 . 0
9 3 . 4
9 4 . 4
95 . 3

COVER THERM*
v/r

FPY
2
3
5
1 1
25
62

164
459

1332
3989

1 22 18
38059

1 2 8 8 0 1
3 8 1 5 1 6
X 1 2 1 9 1 9 0

UP .YRS
41
65

1 15
227
498

1204
3 15 1
8748

25378
76023

233136
727073

2294315
7296526

!*L PR:ARScvx.
9 . 0

1 7 . 9
29 .3
4 1 . 8
53 .6
6 3 . 7
7 1 . 7
7 7 . 7
82 .3
85 .8
88 .5
9 0 . 6
92 .3
93 .6

169 18350 94

OPERTIE3 IN
LBOND ABD R

37 21
54 23
82 25

132 27
231 29
437 31
893 33

1948 35
4484 38

10769 48
26740 42
63 145 44 1
X 177204 46
X468033 48

.4 X951678

H3 ( R l .
ROB.X
1 00
0 . 0 0
0 . 14

67.79
9 2 . 5 9
97 .03
9 8 . 7 3
9 9 . 4 9
9 9 . 8 1
99 .94
9 9 . 9 8
99 .99
0 0 . 0 0

1 0 8 . 0 0
1 0 0 . 0 0

50 1 8 0 .

3=1) W3T P ILE
YEARS FT YEARS
DELTA H3M

16 .2
33 . 1
68 . 1

155 . 1
387 . 1

1026 . 1
2867 . 1
8328 . 1

2493 1 . 1
76360 . 1

237865 . 1
7 5 0 0 0 7 . 1

2384476 .
7619946 .

DELTA
16
33
67

155
335

1 023
2858
330 1

24851
761 17

2 3 7 1 2 1
7 4 7 7 1 9

1 237748
1 759797

00 XI 1623700 .3 X . I
1657800
2 . 5 5 0 1 6 14 . 0 0 0 9 6 . 0 X3986034 29596760 94 .9 X 1 4 9 5 8 1 0 52 100 .00 X I 3733 130 .3 X
13823650



S=48X F =8 . 50

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 12 - 18 - 1936
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X * X X X * YEARS TO UPFREEZE OBJECTS THRU COVER ~ PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE <X - A) = 8 . 3 8 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I ) : LOGNORMAL W/ MEDIAN = 375 MEAN = 935 SD . LN = . 365
HI = DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT C F T 3 — F INE-GRAINED SOIL

UNFROZEN DRY DENS . = 188 PCF, WATER CONT.= 28 .3X (88X SAT) K U = 8 . 8 1
FROZEN DRY DENS. = 68 PCF, WATER CONT.= 6 1 . 6 X C/L= .8862 L-5857 KF = 1 . 38

H3M = OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
H3 = WASTE P ILE OF SOIL—HAVING:

UNFROZEN DRY DENS . = 188 PCF, WATER CONT.= 28 . 3X (80% SAT)
FROZEN DRY DENS. = 68 PCF WATER CONT.= 6 1 . 6 X C/L = .8062 L=58!

K U = 0 . 8 1
K F = 1 . 3 0

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 48X, 95X OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 8 . 5 8 ,
LAMBDA*SGRCN-FACTORJ = .48 (AVG) .88 (SD)

ESTIMATES USE MOD. BERGGREN ECU. W/ KERSTEN KF 'S AND + 8X - 25X ERROR IN KF ' S
CORRELATION COEFFICIENT BETWEEN K l . F AND K 3 . F , R 1 . 3 = 8 . 8 0
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP .YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI ( FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 8 . 3 8 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND ( L B ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 8 8 = EST-'ED REL IAB IL ITY (PROBABIL ITY) UP .YRS EXCEEDS 180 YEARS

F i F-DEG*DAYS PROB .
COVER THERMi

HI TCAVG&CVX FPAVGkCVX FPY
1 . 8
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 . 7
1 . 8
1 . 9
2 .8
2 . 1
2 . 2
1
2 .3
8
2 .4
242
2 .5

883
971

1 1 5 6
1356
1573
1886
2855
23 19
2688
2897
3 2 1 8
3539
3884
4246
4623
5 8 1 6

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

14

.597

.486

. 248

. 138

. 8 7 1

.834

. 8 1 6
. 8 8 7
. 8 8 3
. 8 8 1
. 8 8 8
. 8 8 8
. 8 8 8
. 8 8 8
. 8 8 8
. 8 8 8

2 4 . 8
36 .6
4 7 . 8
5 7 . 7
6^.9
72 .6
73 .8
82 .2
85 .6
8 8 . 2
9 8 . 3
9 2 . 8
9 3 . 4
9 4 . 4
95 .3
9 6 . 8

2
3
5
1 1
25
62

164
459

1332
3989

122 18
38859

1 2 8 8 8 1
3 8 1 5 1 6
X 1 2 1 9 1 9 8
X3986834

UP.YRS
33
52
92

18 1
398
963

2521
6998

28382
6 8 8 1 9

186589
581658

1835452
5837228

$L PR
EARS

CVX
9 . 8

1 7 . 9
29 .3
4 1 .8
5 3 . 6
6 3 . 7
7 1 . 7
77 .7
82 .3
85 .8
88 .5
9 8 . 6
92 .3
9 3 . 6

13534688 94
236774 18 94

OPERTIES I
LBOND ABD

38 17
43 18
65 28

106 221 185 23
358 25
715 27

1559 28
3587 38
86 15 32

2 1392 33
545 16 35
X 1 4 1 7 6 3
X374426

.4 X76 1343

N H3 ( R 1 .
PROB .X
R 1 0 8

8 . 8 8
8 . 8 8

38 .92
8 7 . 4 1
95 .66
98 .23
9 9 . 3 8
9 9 . 7 4
9 9 . 9 1
9 9 . 9 7
9 9 . 9 9

1 8 8 . 8 8
37 1 8 8 . 8 8
38 1 8 8 . 8 8

48 1 8 8 .
.9 X I 196643 42 188

3=1 ) W S T ' P I L E
YEARS FT YEftRS
DELTA H3M DELTA

13 .2
26 . 1
54 . 1

124 . 1
389 . 1
821 . 1

2293 . 1
6662 . 1

19945 . 1
6 1 8 8 8 . 1

198292 . 1
6 8 8 0 8 6 . 1

1 9 8 7 5 8 1 .
6895957 .

88 9298953
. 88 X I 8986

13
26
54

124
308
8 1 9

2286
664 1

1988 1
60894

189697
598 175

1 1 9 0 1 9 2
1 687838
.3 9326

588 .3 X
1 1 858928



S=507. F =6 . 1 0

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y ~ 12 - I S - 1986
MANVILLE WAUKEGAN, ILL PLANT NASTE PILE

XXX * * X YEARS TO UPFREEZE OBJECTS THRU COYER — PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE <X - A> = 0 . 3 0 FT (EFFECTIVE PARTICLE S I Z E , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD .LN = .365
HI

H3M
H3

L=5523 KF = 1 . 42
DEPTH OF COYER ABOVE OBJECT, STARTING AT H1=TCT [FT] — F INE-GRAINED SO IL
UNFROZEN DRY DENS.= 100 PCF, WATER CONT.= 20 .37 . (86% SAT) KU = u .8 1
FROZEN DRY DENS. = 50 PCF, WATER CONT.= 80 .77 . C/L = .6657
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASTE PILE OF SOIL—HAYING:
UNFROZEN DRY DENS.= 100 PCF, WATER CONT.= 20 .3 ' / . (867. SAT)
FROZEN DRY DENS. = 50 PCF WATER CONT. 86 .77 . C/L= .0057 L=5523

KU =6 .8 1
KF = 1 .42

BOTH COYER AND WASTE PILE USE HEAYE STRAIN, S = 50X, 957. OF MAX L
HEAYE FRACTION NOT RECOYERED ON THAWING, F = 0 . 1 6 ,
LAMBDA*SQRCN-FACTOR] = .48 (AYG) .00 <SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF ' S AND + 07. - 25X ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 0 . 0 0
FPY = AYG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI ( FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIYE FOR ALL OBJECTS HAYING (X-A) < 6 .36 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COYER
LBOND = 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAYE STRAIN, UNRECOYER FACTOR AND EPS .UF
R 1 0 0 = EST 'ED RELIABIL ITY (PROBABIL ITY ) UP .YRS EXCEEDS 100 YEARS

r r — u'c.u*L>»-iT o rrcuo. — —
HI TCAYG&CYX FPAVG&CVX FPY
1 .0 925
1.1 1 1 19
1 .2 1332
1 . 3 1563
1 . 4 1 8 1 3
1 . 5 208 1
1 .6 2368
1 .7 2673
1 .8 2997
1 .9 3339
0
2.0 3699
1
2 . 1 4079
65750
2.2 4476
718620
2.3 4893
43337810
2 .4 5327

7.62936120
2.5 5780

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.454
.275
. 149
.073
.033
. 0 1 4
. 0 0 6
. 0 0 2
. 0 0 1
. 0 0 0

. 0 0 0

. 0 0 0
. 0 0 0

. 000

. 0 0 0

. 0 0 0

33
45
56
65
72
78
82
86
89
91
92
94
95
95
93
82

.5
.7
.6
.6
.8
.5
.9
.3
. 0
. 1

.7

. 0

. 0

.8

.5

. 1

2
5

10
24
64

182
552

1747
57 14

19 136
65205

————— TC-Hfto
UP.YRS

18 1
326
664

1538
3995

1 1335
34327

108934
357434

1200842
4 1 0 0 9 7 4

224809 1 4 1 5 8 1 4 0
780906 40272800
X2723563
X5 166669
X5491672

800941
X13264

CYX
15 . 5
2 7 . 2
4 0 . 5
5 3 . 4
6 4 . 2
7 2 . 5
7 8 . 8
8 3 . 4
8 6 . 8
89 .5
9 1 . 5
93. 1
94. 1

70 94
1 1 0 0

X 197005500

— — — — — — — — — rr ;uD./.
LBGND ABD R 1 0 0

153 67 9 9 . 8 1
237 73 99 .68
395 80 99 .69
717 87 9 9 . 8 6

143 1 93 9 9 . 9 7
3 1 1 5 1 0 0 1 0 0 . 0 0
7293 1 0 7 1 0 0 . 0 0

1 8 1 0 4 1 1 3 1 0 0 . 6 0
4 7 6 2 1 1 2 6 1 0 6 . 6 6
XI 26443 127 1 6 0 .
X349153 1 33 1 0 0 .
X983768 146 1 0 0 .
X2368210 147 100

.8 X4 179668 153 1
9 4 . 7 7 .7678955 166

T C.M K 3
DELTA

92
198
478

127 1
3641

1 1039
34945

1 1 4 2 7 1
382729

06 1 3 6 4 6
00 44961
00 X 156 1
.00 X366

r i
H3M
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1
. 1

86 . 1

79 . 1
8 1 5 6
1 1 180

0 0 . 0 0 X436315

1 0 6 . 6 0

9 2 . 4 7 . 1 5649696 1 6 7 1 6 0 . 0 0

T C.M 1*. ̂
DELTA

92
197
476

1267
3628

16998
3 4 3 1 4

1 1 3347
38 1333

129944
4 4 8 6 6 6

. 1 X 155
.3 7.36

66 .3 X
7 .62662246 . 3

7.66666676 .
3 X66666670



S=50X F =0 .20

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREE25Y -- 12 - 13 - 19S6
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

XXXXXX YEARS TO UPFREE2E OBJECTS THRU COYER — PRELIMINARY RESULTS X X X X X X
OBJECTS HAVE <X - A) = 0 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX (F I ) : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN= .365
HI

H3M
H3

L=5523 KF = 1 .42
DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS.= 108 PCF, WATER CONT.= 20 . 3X (80% SAT) KU= i3 .8 1
FROZEN DRY DENS. = 50 PCF, WATER CONT.= 80 .7X C/L= .0057
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS. = 100 PCF, WATER CONT.= 28 . 3X (
FROZEN DRY DENS. = 50 PCF WATER CONT. 80. 7'/. C/L--

i SAT)
. 0 0 5 7 L=5523

KU=0 .8 1
K F = 1 . 4 2

95X OF MAX LBOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 50X,HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 2 0 ,LAMBDAXSQRCN-FACTOR] = .48 (AVG) .00 (SD)ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + 0X - 25X ERROR IN KF 'SCORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 8 . 0 0
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IODUP.YRS ='ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN HS> BUTCORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 0 FTFOR H1=TCT: UP.YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVERLBOND = 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UFR 1 0 0 = EST'ED RELIABILITY (PROBABILITY) UP .YRS EXCEEDS 100 YEARS
F"7" F-DEGXDAYS PROS.

COVER THERM*
_ *SE

HI TCAVG&CVX FPAVG&CVX FPY
1 .8 925
1 . 1 1 1 1 9
1 .2 1332
1 .3 1563
1 .4 18 13
1 . 5 288 1
1 .6 2368
1 .7 2673
1 .8 2997
1 .9 3339
2.8 3699
1
2. 1 4879
4
2.2 4476
359318
2.3 4893
21668980
2.4 5327
31468060
2.5 5780

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.454
.275
. 149
. 073
.033
. 8 1 4
. 8 8 6
.002
. 0 8 1
. 0 0 0
. 0 0 0

. 0 0 0

. 880

. 0 0 0

. 0 0 0

. 0 0 0

33
45
56
65
72
78
82
86
89
91
92
94
95
95
93
82

.5
. 7
.6
.6
.8
.5
.9
.3
.8
. 1
.7
.8
.8
.8
.5
. 1

2
5

10
24
64

182
552

1747
5714

19136
65205

224809

UP.YRS
91

163
332
769

1997
5667

1 7 1 6 3
54467

1 7 8 7 1 7
608421

2050487
7079869

780906 20136400
X2723563
X5 166669
X5491672

*L PR:ARS
CVX
1 5 . 5
27 .2
4 0 . 5
5 3 . 4
64 .2
72 .5
78 .8
83 .4
8 6 . 8
89 .5
9 1 . 5
93. 1
94. 1

48847098 94
66328538 94
98502758 92

OPERTIES IN
LBOND ABD

77 33
1 19 37
197 48
359 43
716 47

1557 58
3647 53
9052 57

235 10 68
63221 63

H3 (R l .
PROB.X
R 1 0 0
25 .43
92 .45
97.22
98 .65
99 .43
9 9 . 7 9
9 9 . 9 3
99 .98
9 9 . 9 9

1 0 0 . 0 0
X174577 67 1 0 0 . 0 0
X491884 70 1 8 8 . 8 8
X 1 1 8 4 1 0 5

.8 X2889834

.7 X3539478

.4 X7524843

3=1) WST 'P ILE
YEARS FT YEARS
DELTA H3M

46 . 1
99 . 1

239 . 1
636 . 1

1821 . 1
55 19 . 1

17472 . 1
57135 . 1

1 9 1 3 6 5 . 1
652043 . 1

2248089 . 1
7809076 . 1

73 1 8 8 . 8 8 X18385590
77 188
80 100
83 100

DELTA
46
98

233
633

1 8 1 4
5499

1 7 4 0 7
56924

190666
649720

224030
778287
.3 X1S

.88 X2 15 15788 .3 X

.00 X 3 1 0 3 1 120 .3 X

.00 X33333338 .3 X
33333330



S=58X F=8 .38

THERMAL AND UPFREE2ING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 1 2 - 1 3 - 1936
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

* * * * * * YEARS TO UPFREEZE OBJECTS THRU COMER — PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE <X - A) = 9 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I > : LOGNORMAL W/ MEDIAN «• 875 MEAN = 935 SD .LN = .365
HI

H3M
H3

L=5523 KF = 1 . 42
DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT ] ~ F INE-GRAINED SO IL
UNFROZEN DRY DENS.= 106 PCF, WttTER CONT.= 28 . 3X (S8X SAT) KU =8 . S 1
FROZEN DRY DENS. = 58 PCF, WATER CONT.= 88 .7V . C/L= .8857
OBJECT LENGTH FOR MAX UPFREEZE , STARTING IN:
WASTE P ILE OF SOIL—HAVING:
UNFROZEN DRY DENS . - 168 PCF, WATER CONT. 28 .3% < 88% SAT)
FROZEN DRY DENS. = 58 PCF WATER CONT.= 88 . 7X C/L= .8857

KU =0 .8 1
KF = 1 .42

95X OF MAX LBOTH COVER AND WASTE-P ILE USE HEAVE STRAIN, S = 58X,
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 8 . 3 8 ,
LAMBDA*SGRCN-FACTOR] = .48 <AVG> .88 <SD)

ESTIMATES USE MOD. BERGGREN EQU . W/ KERSTEN KF 'S AND + 8X - 25/'. ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K 3 . F , R 1 . 3 = 8 . 8 8
FPY m AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZ ING FROM HI ( FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 8 . 3 8 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE (+ OR - CVX) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 0 0 = EST'ED REL IABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 108 YEARS

FT F-DEG*DAYS PROB.
COVER THERM(

HI TCAVGScCVX FPAVG&cCVX FPY
1 .0 925
1 . 1 1 1 1 9
1 .2 1332
1 .3 1563
1 . 4 1 8 13
1 . 5 203 1
1 .6 2368
1 .7 2673
1 .8 2997
1 .9 3339
2.0 3699
4
2 . 1 4879
3
2.2 4476
39548
2 .3 4893
14445948
2.4 5327
20978710
2 .5 5780
22222220

14
14
14
14
14
14
14
14
14
14
14
14
14
14

14
14

.454
.275
. 149
.073
. 033
. 0 1 4
. 0 0 6
. 0 8 2
. 0 0 1
. 0 0 0
. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 0

. 0 0 8

33
45
56
65
72
78
82
86
89
91
92
94
95
95
93
82

.5

.7

.6
.6
.8
.5
.9
.3
. 8
. 1
. 7
.0
.0
.8
.5
. 1

2
5

18
24
64

182
552

1747
5714

1 9 1 3 6
65285

UP.YRS
60

189
221
5 1 3

1332
3778

1 1 4 4 2
3 6 3 1 1

1 1 9 1 4 5
4 8 0 2 8 1

1366991
224889 4719380
780986 13424270
X2723563
X5 166669
X5491672

AL PR
EARS

CVX
15 . 5
2 7 . 2
4 8 . 5
53 .4
64 .2
72 .5
7 8 . 8
8 3 . 4
86 .8
89 .5
9 1 . 5
93. 1
94. 1

26698060 94

442 13690 94
656685 10 92

OPERTIES IN
_ *-_ p

LBOND ABD R
51 22
79 24

132 27
239 29
477 31

1038 33
2431 36
6835 38

15674 48
42 148 42 1
XI 16384 44
X327923 47
X789483 49

.8 X 1393223

.7 X2359652
.4 X58 16563

H3 (Rl .
ROB.X
188

8 . 8 8
6 1 . 7 3
92 .58
97. 17
98 .85
99 .58
99 .86
99 .95
99 .99
0 8 . 8 8

1 8 0 . 0 8
i e e . e e
i e e . e e
51 108

53 180
56 108

3=1) WST- 'P I LE
YEARS FT YEARS
DELTA H3M

31 . 1
66 . 1

159 . 1
424 . 1

1 2 1 4 . 1
3638 . 1

11 643 . 1
38698 . 1

127576 . 1
434695 . 1

1498726 . 1
5 2 8 6 8 5 1 . 1
XI 228 3738

DELTA
31
66

159
422

1289
3666

1 1 6 8 5
37949

1 2 7 1 1 1
4 3 3 1 4 7

149353
5 18S53

.3 XI 22
.88 X 14343858 .3 X
.88 X286874 18 .3 Y.
.88 X22222220 .3 Y.



S=50% F=8.40

THERMAL AND UPFREEZING ANALYSIS ESTIMATES — PROGRAM UPFREE25Y — 12- 13- 1986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

X *XXX * YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS X X X X X X
OBJECTS HAVE (X - A) = 0 . 3 8 FT (EFFECTIVE PARTICLE S IZE , EPS.UF) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX (F I > : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD.LN= .365
HI

H3M
H3

L=5523 KF= 1 .42
DEPTH OF COVER ABOVE OBJECT, STARTING AT H 1=TCT CFT] — FINE-GRAINED SOIL
UNFROZEN DRY DENS. = 100 PCF, WATER CQNT.= 20.3% (80% SAT) KU-0 .81
FROZEN DRY DENS. = 50 PCF, WATER CONT.= 80.7% C/L=.0057
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN:
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS . = 100 PCF, WATER CONT.
FROZEN DRY DENS.

20.3% (80% SAT)
50 PCF WATER CONT.= 80. 7V. C/L= .0057 L=5523

KIJ=e . 8 1
KF = 1 .42

95% OF MAX LCOVER AND WASTE PILE USE HEAVE STRAIN, S = 50%,
HEAVE FRACTION NOT RECOVERED ON THAWING, F = 0 . 4 6 ,
LAMBDA*SQRCN-FACTOR] = .48 <AVG) .00 (SD)

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF 'S AND + 8% - 25% ERROR IN KF'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3.F , R 1 . 3 = 0 . 0 0
FPY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PERIOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3) BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 8 . 3 6 FT

FOR H1=TCT: UP.YRS IS AN ESTIMATE ( + OR - CV%) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND (LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 8 0 = EST'ED RELIABILITY (PROBABILITY) UP.YRS EXCEEDS 160 YEARS

S-" F-DEGSDAYS PROB .
HI
1 . 0
1. 1
1 .2
1 . 3
1 .4
1 .5
1 . 6
1 . 7
1 . 8
1 . 9
2 . 0
2 . 1
7
2 .2
5
2 .3

COVER THERMS
_ _ _ _ _ \st

TCAVGkCVX FPAVG&CV% FPY
925

1 1 1 9
1332
1563
18 13
20S1
2368
2673
2997
3339
3699
4079
4476
4893

14
14
14
14
14
14
14
14
14
14
14
14
14
14

. 454

.275

. 149

.073

.033

. 8 1 4
. 0 8 6
. 0 0 2
. 8 0 1
. 0 8 8
. 8 8 0
. 0 0 0
. 0 0 0

. 080

33 .5
4 5 . 7
56 .6
65 .6
72.8
78.5
82.9
8 6 . 3
8 9 . 0
91 . 1
92 .7
94 .0
95 .0
95 .8

2
5

10
24
64

182
552

1747
57 14

19 136
65205

224809

UP.YRS
45
82

166
385
999

2834
8582

27234
89359

3 0 0 2 1 8
1025244
3539535

780906 10068200
%2723563

*L PRC:ARS -cv%
1 5 . 5
27 .2
4 8 . 5
53 .4
64 .2
72 .5
78 .8
8 3 . 4
86 .8
89 .5
9 1 . 5
93. 1
94. 1

20023540 94.

1PERTIES IN. ———————— p
LBOND ABD R

38 17
59 18
99 28

179 22
358 23
779 25

1823 27
4526 28

1 1 7 5 5 38
3 1 6 1 1 32

H3 < R 1 .
ROB.%
1 0 0

0 . 8 0
2 8 . 3 8
84 .94
95.48
98.25
99 .36
99 .78
9 9 . 9 3
99 .98
99 .99

87288 33 1 8 8 . 8 8 1
%245942 35
%592852 37
8 % 18449 17

1 0 0 . 0 0

1 0 8 . 8 0
38 100

3=1) WST 'F ILE
YEARS FT YEARS
DELTA H3M DELTA

23 . 1
49 . 1

119 . 1
318 . 1
9 10 . 1

2768 . 1
8736 . 1

28568 . 1
95682 . 1

32682 1 . 1
124845 . 1
3984533
9152795

. 80 % 1875

23
49

1 19
3 1 7
987

2750
8764

28462
95333

324860
1 1 2 8 1 5 0

. 1 389 143

.3 917965
7890 .3 %

10834450
2 .4 5327 14 . 0 0 0 93 .5 %5166669 33168278 94. 7 % 1769739 40 100 . 88 % 155 15560 .3 %
15734030
2 .5 5788 14 . 0 0 0 82. 1 %5491672 49251398 92. 4 %3762422 42 188 .88 % 16666678 .3 %
16666678



S=58% F =8 .58

THERMAL AND UPFREE2ING ANALYSIS ESTIMATES — PROGRAM UPFREEZ5Y — 1 2 - 1 8 - 1986
MANVILLE WAUKEGAN, ILL PLANT WASTE PILE

* X * XXX YEARS TO UPFREEZE OBJECTS THRU COVER — PRELIMINARY RESULTS * * * * * *
OBJECTS HAVE (X - A) = 8 . 3 0 FT (EFFECTIVE PARTICLE S IZE , EPS .UF ) STARTING AT
TOP OF WASTE PILE—BOTTOM OF COVER OF TOTAL THICKNESS = TCT
THERMAL LOAD FREEZE INDEX < F I > : LOGNORMAL W/ MEDIAN = 875 MEAN = 935 SD .LN = .365
HI =

H3M
H3

88. T/. C/L- .9857 L=5523 KF = 1 .42
DEPTH OF COVER ABOVE OBJECT, STARTING AT H1=TCT [FT ] — FINE-GRAINED SOIL
UNFROZEN DRY DENS. = 188 PCF, WATER CQNT.= 20 .3% (88% SAT) K U = 8 . 8 1
FROZEN DRY DENS. = 50 PCF, WATER CONT.
OBJECT LENGTH FOR MAX UPFREEZE, STARTING IN
WASTE PILE OF SOIL—HAVING:
UNFROZEN DRY DENS.= 188 PCF, WATER CONT. 20 .3% (88% SAT)
FROZEN DRY DENS. = 50 PCF WATER CONT.= 86. 7% C/L= .0057 L=5523

KU =0 .8 1
KF = 1 .42

BOTH COVER AND WASTE PILE USE HEAVE STRAIN, S = 58%, 95% OF MAX L
HEAVE FRACTION NOT RECOVERED ON THAWING, F » 0 . 5 8 ,
LAMBDA*SQRCN-FACTOR3 = .43 <AVG) .00 <SD >

ESTIMATES USE MOD. BERGGREN EQU. W/ KERSTEN KF'S AND + 8% - 25% ERROR IN KF 'S
CORRELATION COEFFICIENT BETWEEN K l . F AND K3 . F , R 1 . 3 = 8 . 8 8
FRY = AVG YEARS TO FIRST FROST PENETRATION TO DEPTH HI AND RETURN PER IOD
UP.YRS = ESTIMATED YEARS FOR OBJECT UPFREEZING FROM HI (FOR HI PROPS IN H3> BUT

CORRECT UP .YRS FOR DIFFERENCE IN DELTA'S WHEN OBJECT IN H3.
CONSERATIVE FOR ALL OBJECTS HAVING (X-A) < 0 . 3 8 FT

FOR H1=TCT: UP .YRS IS AN ESTIMATE (+ OR - CV%) OF YEARS TO UPFREEZE THRU COVER
LBOND = 1 STANDARD DEVIATION LOWER BOUND ( LB ) ,

ABD = ABOND = ABSOLUTE LB FOR HEAVE STRAIN, UNRECOVER FACTOR AND EPS .UF
R 1 0 8 = EST'ED RELIABIL ITY (PROBABIL ITY) UP .YRS EXCEEDS 106 YEARS

F*T F-DEG*DAYS PROB.
COVER THERMi

HI TCAVG&CV% FPAVG4cCV% FPY
1 . 8
1. 1
1 . 2
1 . 3
1 . 4
1 . 5
1 . 6
1 . 7
1 . 8
1 . 9
2 . 8
2. 1
8
2 .2
4
2 . 3
562
2 . 4

925
1 1 1 9
1332
1563
1 8 1 3
288 1
2368
2673
2997
3339
3699
4879
4476
4893
5327

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

.454
.275
. 149
.873
.033
. 0 1 4
. 8 8 6
. 8 8 2
. 8 8 1
. 8 0 8
. 0 0 0
. 8 8 8
. 0 8 0
. 0 0 0

. 0 0 0

33 .5
4 5 . 7
56 .6
65 .6
7 2 . 8
78 .5
82 .9
8 6 . 3
89 .8
91 . 1
9 2 . 7
9 4 . 8
9 5 . 8
95 .8
93 . 5

2
5

18
24
64

182
552

1747
5714

19 136
65285

224889
780906
%2723563
%5 166669

UP.YRS
36
65

133
388
799

2267
6865

21787
71487

248168
828195

2331623
8854561

ftL PR
EARS

CV%
15 . 5
27 .2
4 8 . 5
5 3 . 4
64 .2
72.5
7 8 . 8
33 .4
86 .8
39 .5
9 1 . 5
93. 1
94. 1

168 18848 94
26528228 94

OPERTIES IN———————— p
LBOND ABD R

31 13
47 15
79 16

143 17
286 19
623 28

1459 21
3621 23
9484 24

252S9 25

H3 (R l .
ROB . %
188
0 . 8 8
2 . 5 1

73 .99
93 .38
9 7 . 6 1
99. 14
9 9 . 7 1
9 9 . 9 1
99 .97
99 .99

69831 27 1 8 8 . 8 8
% 196754 28
%473642 29

.8 %835934

.7 X 1 4 1 5 7 9 1

1 8 8 . 8 8
1 8 8 . 0 8

3 1 1 8 8 .
32 188

3=1) WST 'P I LE
YEARS FT YEARS
DELTA H3M

18 . 1
48 . 1
96 . 1

254 . 1
728 . 1

2208 . 1
69S9 . 1

22354 . 1
76546 . 1

2 6 8 8 1 7 . 1
899236 . 1

3 1 2 3 6 3 1 .
7322236 .

88 86063 12

DELTA
18
39
95

253
726

2288
6963

22769
76267

259388
896 128

1 3 1 1 3 1 5
3 734372

.3 8667
.80 % 124 12450 .3 %

12587228
2 . 5 5788 14 . 8 8 8 82. 1 %5491672 3 9 4 8 1 1 18 92 .4 X3889938 33 180 .88 % 13333338 .3 %
13333338
UPFREEZ5 RUN COMPLETE
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